
TRC

SAMPLING AND ANALYSIS OF
PERCHLORATE IN FERTILIZER

(Revision 3)

Prepared for

Perchlorate Study Group
Shreveport, Louisiana

Prepared hy

TRC
Irvine, California

Participating Laboratories
American Pacific Corporation - Utah
Del Mar Analytical - California
Montgomery Watson Laboratories - California
Thiokol Corporation - Utah
Air Force Research Laboratory - Wright Patterson AFB, Ohio
United States EPA National Exposure Research Laboratory

Ecosystems Research Division - Georgia
United Technologies Corporation - California

July 1999



TftC
SFUND RECORDS CTR

131850

SAMPLING AND ANADfSlf OF
PiRCHLORATE IN Flî iLlf IR

(Revision 3)

Prepared for " i ; :^

Perchlorate Study Group
Shreveport, Louisiana

Prepared by

Itvine, California

Project No. 98-346
July 1999 ;

: : .TRC ,,:,;>:,•:.: ;;
21 Technology Drive

; Irvine, Califprniq. 92418 .
telephone (949) 72^9336
Facsimile (949) 727-?399V.



TABLE OF CONTENTS
PAGE NO.

LIST OF TABLES ii

1.0 INTRODUCTION AND BACKGROUND 1

2.0 SAMPLING AND ANALYSIS 1
2.1 Sample Collection 1
2.2 Analysis 2

2.2.1 lon-Chromatography 2
2.2.2 Triphenylstibonium Titration 2

3.0 DISCUSSION 3

TABLES

APPENDIX A: LABORATORY REPORTS

ATTACHMENT 1: DETERMINATION OF PERCHLORATE BY
ION-CHROMATOGRAPHY

All TRC paper is recyclable and made from recycled paper.



TABLE OF CONTENTS
(Continued)

LIST OF TABLES

TABLE NO. TITLE

1 Fertilizer Perchlorate Liquid Chromatography Testing Preliminary
2 Summary of lon-Chromatography Methods

7/6/99 - Rev. 3



1.0 INTRODUCTION AND BACKGROUND

1. The presence of naturally-occurring perchlorate has been identified in sodium- and
potassium-nitrate mined from caliche deposits in Chile (i.e., in Chilean saltpeter). Chilean
saltpeter is used as a nitrate fertilizer throughout the world. Sehiltf1' describes observations of
perchlorate in Chilean saltpeter as far back as 1896, with concentrations ranging from trace
amounts to just under 7 percent. Levels of perchlorate of 1 to 1.5 percent in refined and crude
Chilean saltpeter, respectively, measured in 1914 were also described (Schilt, 1979). A study
in 1972 attributed poor soybean growth to elevated concentrations of perchlorate in Chilean
nitrate fertilizer. The relatively broad range of perchlorate in Chilean saltpeter concentrations
was attributed to varying degrees of the liquid recycling during the production of the nitrate
salts, and the possible nonuniform distribution of naturally-occurring perchlorate in the
caliche. Review of available literature and recent limited testing of selected samples of
chemical fertilizer indicate the presence of perchlorate.

2. Based on the above-referenced literature, data and the results of the limited fertilizer sampling
and analysis of California fertilizers for perchlorate conducted in August of 1998, additional
studies were performed to determine if perchlorate is typically present in nitrate type fertilizers.
In order to confirm the above results and also to obtain more information on the presence of
perchlorate associated with the use of fertilizers, the following activities were completed, and
are presented in this report:
• Confirmatory sampling and analysis of previously tested products.
• Collection and analysis of fertilizers nationwide.
• Collection and analysis of fertilizer raw materials.

2.0 SAMPLING AND ANALYSIS

2.1 SAMPLE COLLECTION
1. To confirm the results of the recent limited perchlorate analysis results indicated above,

samples were obtained from different production lots of previously tested California fertilizers.
These samples were purchased from various commercial suppliers and retail sources.

(l> Schilt, Alfred, "Perchlorate Acid and Perchlorates, Fredrick Smith Chemical Company," 1979.
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2. To obtain information on the potential presence of perchlorate associated with the use of
chemical fertilizers, additional samples were collected from the Kansas City, Missouri and
Long Island, New York areas. Samples of the fertilizers shown in Table 1 were collected from
various commercial suppliers and retail sources.

3. Also, as part of this study, samples of two raw materials used in chemical fertilizer production
were also collected. Caliche (Chilean nitrate) was obtained from the Aconcagua Nitrate Mine
in Calama, Chile by TRC. A langbeinite (a potassium/magnesium sulfate mineral) ore sample
(crushed) was provided by IMC Minerals in Albuquerque, New Mexico.

4. The fertilizers and raw material samples were collected under chain-of-custody procedures and
forwarded to the primary laboratory for analysis.

5. The primary laboratory prepared extracts of each sample, which were then shipped to six
outside laboratories for confirmatory analysis.

2.2 ANALYSIS
2.2.1 ION-CHROMATOGRAPHY
1. The primary laboratory (Del Mar Analytical, Irvine, California) analyzed the fertilizers using

the California Department of Health Services (DHS) Method of lon-Chromatography for
Perchlorates (see Attachment 1). Table 1 provides a summary of the lon-Chromatography
perchlorate results.®

2. As discussed above, six outside laboratories analyzed the perchlorate extracts for confirmation
purposes. However, these laboratories did not all perform the analyses using the California
DHS Method for perchlorates. Table 2 provides a list of the methods used by each laboratory
and the differences between the method used and the California DHS Method.

3. Table 1 provides a summary of the results of the analyses conducted by the outside
laboratories discussed above. As noted in Table 1, the outside laboratories analyzed a
1:10 extract. The results in Table 1 for the outside laboratories were adjusted by a factor of ten
to allow comparison with the primary laboratory data. Copies of the laboratory reports are
provided in Appendix A.

Perchlorate sample analyses results from the United States Environmental Protection Agency were not yet available
at the time of publishing this report. The report will be updated when USEPA results become available.
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2.2.2 TRIPHENYLSTIBONIUM TITRATION
1. As part of this study, one set of the fertilizer extracts and various control samples prepared by

TRC were analyzed using the triphenylstibonium titration method after purification of the
extracts using ion exchange resin adsorption. The purpose of performing the titration study
was to chemically confirm the presence of perchlorate in the extracts. The triphenylstibonium
titration method has been shown to be highly specific for perchlorate, and therefore can be
used to confirm the lon-Chromatography results, which are highly accurate, but may be less
specific in detecting perchlorate. Table 1 also includes a summary of the triphenylstibonium
titration results.

3.0 DISCUSSION

1. The results of the sampling and analysis of the fertilizers indicated that perchlorate was
present at varying levels in approximately 27 out of the 28 fertilizers tested (i.e., 96 percent).
Please note that four fertilizer samples were analyzed in duplicate, thus there are 32 entries on
Table 1. Raw materials samples, caliche and langbeinite ore, tested positive for perchlorate.
The detectable perchlorate levels in these fertilizers ranged from approximately 2 parts per
million (ppm) to over 11,000 ppm with most being greater than 500 ppm. The perchlorate
concentration averaged roughly one-half of one percent (0.5 percent or 5,000 ppm), as
measured in the 27 fertilizers that were positive for perchlorate. These results indicate that
perchlorate levels can vary significantly between fertilizer brands and formulation types.

2. The results of the analysis of different production lots of the previously tested fertilizers
showed significant variations between the different lots, indicating either variations in
production practices or perchlorate levels in the raw materials. Both raw materials tested,
caliche and langbeinite, contained elevated levels of perchlorate; 29,000 ppm and 15,000 ppm
(i.e., 2.9 and 1.5 percent), respectively.

3. A comparison of the perchlorate results from the primary laboratory and the outside laboratories
shows an excellent correlation. As indicated in Table 1, the standard deviations are very low,
indicating a high level of precision. Table 1 also indicates the various duplicate samples and
their results. The duplicate samples were found to generally agree within normal laboratory
limits (i.e., ±50 percent), with the exception of one duplicate sample PS-17/PS-24 which
showed an unexplained significant difference. This difference is most likely due to an error in
the extract preparation, since all of the laboratories had similar results for these samples.
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4. The results of the triphenylstibonium titration appear to generally agree with the
ion-chromatography results, although the method appears to slightly over estimate the
perchlorate levels. Quality control samples submitted to the laboratory containing known
levels of perchlorate, chlorate, chlorite, ammonium nitrate and thiosulfate showed no
interference with the perchlorate analysis. Additional duplicate samples submitted also showed
good correlation, within the expected limits.

7/6/99 - Rev. 3
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TABLE 1

FERTILIZER PERCHLORATE LIQUID CHROMATOGRAPHY TESTING PRELIMINARY RESULTS

MANUFACTURER BRAND NAME N-P-K'"
RATIO

PRIMARY
CONSTITUENT

TRIPHENYL-
STIBONIUM
TITRATION

(mg/kg)'"

ION-
CHROMATO-
GRAPHY DEL

MAR

RESULTS
(me/kg)

SPLIT SAMPLE ANALYSIS RESULTS (mg/kg)'"

LAB 1 LAB 2 LAB 3 LAB 4 USAF USEPA"4'

Obtained 1/27/99 Kansas City. Missouri

PS- II

PS-13

PS-10

PS-07

PS-05

PS-14

PS-01

PS-08

PS-12""

PS-02

PS-09'"

PS-03

PS-04

Scott's

Shulte

Acme

Sudbury

Peters

Jobe's

Fenilomc

Osmocote

Osmocole

Ringer

Ringer

Peters

HiYield

vliracle-Gro Lawn Food

Rose Plus

Stump Remover

'otash

All Purpose Plant Food

Plant Food Spikes

Start-N-Grow Plant Food
Vegetable and Bedding

Vegetable and Bedding

Supreme Gardens

Supreme Gardens

Lawn Food

Nitrate of Soda

36-6-6

19-24-24

NA

0-0-44

20-20-20

16-2-6

18-6-12

14-14-14

14-14-14

7/7/07

7/7/07

38-4-4

16-0-0

Potash derived from
Potassium Nilrale
Potassium Nitrate

Potassium Nitrate

Potassium Chloride

Potassium Nitrate

Potassium Nitrate

Potassium Nitrate

Ammonium Nitrate

Ammonium Nitrate

Nitrate of Soda

Nitrate of Soda

Potassium Nitrate

Nitrate of Soda

8,61X1

<5(1

<50

5,440

7,150

10,3511

5,900

1,250

750

2,950

5,20(1

9,91X1

6,81X1

7,41X1

13

<0.4

4,81X1

6,31X1

8,11X1

4,71X1

94(1

541)

3.21X1

3,91X1

8,61X1

7,41X1

8,160

<6.0

<6.0

4,7311

6.7IX)

9,48(1

4,680

1,090

636

3,490

4.380

8.950

7,620

6,260

<40

<40

8.830

4,760

8,640

5.150

968

597

2.360

5.120

7,73(1

6,31X1/11.840'""

8,81X1

<0.8

<0.4

5.1XX1

6,21X1

9,01X1

5,31X1

97(1

530

3,11X1

4.31X1

9,41X1

8.1XXI

8,290

9.6

<3.0

4.921)

6.360

9.920

4,710

1,010

580

3,240

4,380

8.860

7,660

7,068

01

in

4,369

6,898

6.896

4,872

803

526

3.077

4,049

7,678

6.908

STATISTICAL
EVALUATION

MEAN""

7,663

9.2

4.98

5,442

6.203

8.673

4.902

964

568

3.078

4,355

8.536

7.637

STANDARD
DEVIATION1"'

930

8

8

1,674

754

1,077

264

94

44

381

422

695

761

PERCENTAGE OF
PERCHLORATE

(*>

0.77

O.IXX19

<.(XX13

0.54

0.62

0.87

0.49

0.09

0.06

0.31

0.44

0.85

0.76

Obtained 1/28/99 Long Island, New York

PS-15

PS-211"

PS-20

PS- 16

PS-19

PS-18

PS-23

PS- 17

PS-24"1

PS-22

Ringer

Ringer

Frank's

Peters

Osmocote

Osmocole

Vigoro

Jonathan Green

Jonathan Green

Scolts

-awn Restorer

Lawn Restorer

Grow

All Purpose Plant Food
Vegetable and Bedding

Outdoor and Indoor Plant

Tomato and Vegetable
Plant Food
Fail Fertilizer

Fall Fertilizer
Miracle-Gro Lawn
Frililizer

10/2/06

10/2/06

15-30-15

20-20-20

14-14-14

18-6-12

10/8/14

10/18/20

10/18/20

31-3-9

Nitrate of Soda

Nitrate of Soda

Muriate of Potash

Potassium Nitrate

Ammonium Nilrale

Ammonium Nitrate
Muriate of Potash,
Sul Po Mag
Muriate of Potash

Muriate of Potash

Muriate of Potash

6,140

3,41X1

6,25(1

6,98(1

3.I1X

741

451

<5(

2,851

I.7IX

5,31X1

2.41X)

5,41X1

7.31X

2.51X

61X

361

<0.4

2.4IX

1.3IX

6,06(1

2.960

5,380

7,510

2,651

733

464

<6.(

2,591

1.549

5,190

2,560

10.IXX1

5.640

3,270

832/993" '

738

<40

2.841

2.64C

6,11X1

2,91X1

4,81X1

7.41X

2.7IX

751

341

2.2

2,2(X

I.4IX

6,080

3.1XX)

5,5611

7,211

2,661

691

43!

<3.(

2.481

1.531

4,673

2,376

7,098

6.194

2.053

904

514

„,

2,531

1.995

5,567

2,699

6,373

6,876

2.639

765

474

5.3

2,507

1.737

600

287

1,936

7711

391

255

'144

8

2 2

505

0.56

0.27

0.62

0.7

0.26

0.08

0.05

0.1XX15

0.25

0.17

Obtained from California Source

PS-31

PS-33

PS-28

PS-25,

PS-26

PS-27

PS-2!)

PS-32

PS-06

CNC"1

Best'"

Grow More Corp'11

Best1"

Bandini'"

Plant Marvel

Dexol

K Power

Peters

Champion Potassium
State —————————
K-Power Potassium Nitrate

Grow More

Triple Sixteen

Sul Po Mag

Natriculture

Stump Remover

Mini Prills

All Purpose

13.5-0-45

13.75-0-46

6/30/30

16-16-16

0-0-22

12/31/14

Unknown

13.75-0-46

20-20-20

-

-

-

Potassium Nitrate

Unknown

Chileans Nitrate

Potassium Nitrate

16.8IX

8,251

2,8(K

5,251

3,551

6.3IX

5.81X

8.21X

3.41X

I2.1XX) (7,51X1)"

7. l(X) (27,51X1)"

2,5(X) (<4,1XX))'J

4,21X1(1 8,000) 4

3,(XX)(I5,(XX))"

5.3IK

4.91X

6.31X

3,191

13,291

7,563

2,599

4,223

3,073

6,681

5,189

6,381

3,221

14.381

2.6IX

3,623

3,681

4.811

7.121

5,291

6.3IM

3.681

I3.IXX

7.41X

2.21X

4,1X11

3.21X

5.5IX

5.41X

6.I1X

3.1XX

I5.I1X

7,871

2,491

4,311

3,161

6.451

5.421

6.561

3.091

11.749

7,201

3,135

3,727

2,834

6.246

4,576

5,862

3,128

10.721

8,322

2,214

5,173

4,34(

6,2 If

5.129

6,251

3,218

5.947

4.455

2,101

2.754

2.181

699

331

241

239

1.07

0.83

0.22

0.52

0.43

0.62

0.51

0.63

0.32

Sample of Raw Materials and Control Sample 2/8/99

PS-34

PS-30

LCS-I™

LCS-2"

Blank

-

IMC Group

-

-

Caliche (Chilean Nitrate

Langbeinite Ore

-

-

-•

Unknown

Unknown

Unknown

Unknown

Unknown

Sodium Nitrate
Magnesium, Sulfur,

-

-

32,8(X

I5.6IX

91

105

<51

30.1XX

13.1XX

-

26,311

14.31X

9f

104

<0.(X13

32.981

20,091

99

94

27.1XX

I4.1XX

UK

99

<( 1.1X14

30.901

16.41X

94

97

<0.(XI3

26.121

13,649

99

98

-

28.885

15.241

98

98

(I.(X)I

2.825

2.64!

2

4

O.IXX12

2.89

1.5

0.009

0.009

0.1XXXX1I

"' Laboratory extract resulis (mg/L) were convened to mg/kg units for comparative purposes, by multiplying die result by II) to account for the 1:10 dilution used to prepare Hie extracts.
111 Nitrogen, Phosphorus and Potassium Levels.

'" Repeal of Prior Testing.
"' Prior Testing Results.
'•" Duplicate for PS-02. '
'" Duplicate for PS-08.
'" Duplicate for PS-17.
"" Duplicate for PS-15.

"" Laboratory Control Standard of 100 ppb Quality Control Samples.""""
'"" Interim duplicate .sample analysis.
"lt Due to interferences, no value was reported. ______ _ _ _ __ _ - _ _== _=^.^==^=^=~==- ~-—^==-^--
'"' Meaf values calculated from results obtained by Del Mar Analytical. Labs 1 through 4 as noted, ami the United Stales Air Force.

For samples with duplicate analyses, the duplicate results were averaged before calculating, the overall mean and standard deviation.

"" Standard deviation values calculated from results obtained by Del Mar Analytical, Labs 1 through 4 as noted, and the United Stales Air Force.
For samples with duplicate analyses, the duplicate results were averaged before calculating the overall mean and standard deviation.

"•" Pert-Morale sample analyses results from the United States Environmental Protection Agency will be provided after completion of Quality Assurance/Quality Control (QA/QC) evaluation by the
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TABLE 2

SUMMARY OF ION-CHROMATOGRAPHY METHODS

LABORATORIES
SIGNIFICANT DIFFERENCES

BETWEEN OUTSIDE LABORATORY PROCEDURES AND
DHS PERCHLORATE METHOD

Del Mar Analytical Used 4 mm Standard Bore Column (AS-11)

American Pacific Corporation
(Lab 1)

Used 4 mm Standard Bore Column (AS-16)

United Technologies Corporation
(Lab 2)

Used 4 mm Standard Bore Column (AS-11)
Used 100 mM NAOH without Ion-Suppressor

Montgomery Watson Laboratories
(Lab 3)

Used 4 mm Standard Bore Column (AS-11)

Thiokol Corporation
(Lab 4)

Used 4 mm Standard Bore Column (AS-11)
Used 100 mM NAOH with Ion-Suppressor
AS-RS-ULTRA

U.S. Air Force Research Laboratory Used 4 mm Standard Bore Column (AS-16)

U.S. EPA To be provided after completion of Quality Assurance/Quality
Control Evaluation

S8-346/Sa&AnPcFc (Rev. 3) (7/6/99/cy)
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APPENDIX A

LABORATORY REPORTS

A.I DEL MAR ANALYTICAL
A.2 AMERICAN PACIFIC CORPORATION
A.3 UNITED TECHNOLOGIES CORPORATION
A.4 MONTGOMERY WATSON LABORATORIES
A.5 THIOKOL CORPORATION
A.6 UNITED STATES AIR FORCE ARMSTRONG LABORATORY
A.7 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY'3)
A.8 CHEMICAL TESTING SERVICE (PERCHLORATE TITRATION RESULTS)

(3) Perchlorate sample analyses results from the United States Environmental Protection Agency will be provided
after completion of Quality Assurance/Quality Control (QA/QC) evaluation.

TRC



APPENDIX A. 1

DEL MAR ANALYTICAL



Del Mar Analytical
2852 Alton Are.. Irvine. CA 92606

!014 E. Cooley Dr. Suite A. Colton. CA 92324
16525 Sherman Way. Suite C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805. San Diego. CA 92123
9830 South 51st Si.. Suite B-120. Phoenix. AZ 85044

(949) 261-1022 FAX 1949) 261-1226
(909) 370-4667 FAX (909) 370-104E
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-968S
(602) 785-0043 FAX (602) 785-0851

LABORATORY REPORT

Prepared For: TRC Environmental Solutions
21 Technology Drive
Irvine, CA92618

|Attention:
I Project:

Richard Scott
98-346"
Lockheed

Sampled:
Received:
Reported:

2/24/99
2/25/99
3/9/99

This laboratory report is confidential and is intended for the sole use of
Del Mar Analytical and its client. This entire report was reviewed and approved for release.

I

CA ELAP Certificate #1197
AZ DHS Licence #AZ0428

DEL MAR ANALYTICAL

Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <1 of6>



Del Mar Analytical
2852 Allon Ave, frvfne. CA 92506 (949) 261-1022 FAX f949) Z61- 1Z2£

101-1 E, Cooley Dr.. Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-104E
16525 Snerman Way. Suite C-11. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1842

9484 Chesapeake Dr.. Suile 805. San Diego. CA 92123 (619) 505-9596 FAX (619) 505-968S
9830 Sodt>i 51st St.. Suite B-120. Phoenix. AZ 85044 (602) 785-0043 FAX (602) 785-0851

|TR'C E'nvironmental Solutions Client Project ID: 98-346 Sampled: Feb 24, 1999 1
if 21 Technology Drive Lockheed Received: Feb 25, 1999|
1 Irvine, CA 9261 8 Sample Descript: Solid Extracted: Mar 6-8, 19991
ffAttention: Richard Scott First Sample #: IB03512 Analyzed: Mar 6-8, 1999|
| . . . - . _ . Reported: M a r 9 , 1999*

Laboratory
Number

1B03512

1B03513

1B03514

IB03515

IB03516

1B03517

1B03518

1B03519

1B03520

JB03521

PERCHLORATE (EPA 300.0 Mod.)

Sample
Description

PS-01

PS-02

PS-03

PS-04

PS-05

PS-06

PS-07

PS-08

PS-09

PS-10

Reporting
Limit
mg/Kg
(ppm)

400

200

200

200

200

200

200

200

200

0.40

Sample
Result
mg/Kg
(ppm)

4,700

3,200

8,600

7,400

6,300

3,100

4,800

940

3,900

N.D.

QC
Batch

IC06D31S

IC06D31S

IC06D31S

IC06D31S

1C06D31S

IC06D31S

IC06D31S

IC06D31S

IC06D31S

IC08D31S

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP #1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <2of6>



Del Mar Analytical
2852 Alton Ave.. frvine. CA 92606 (949) 261-1022 FAX (949] 261-1228

1014 E. Cooley Dr.. Suite A. Colton. CA 92324 (9091 370-4667 FAX (909) 370-1046
16S2S Sherman Way. Suite C-11. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843

9484 Chesapeake Dr., Suite 805. San Diego. CA 92123 (619) 505-9596 FAX (619) 505-9689
9830 Sojth 51st St.. Suite B-120. Phoenix. AZ 85044 (602) 785-0043 FAX (602) 785-0851

|TRC Environmental Solutions
§21 Technology Drive
llrvine, CA92618
1 Attention: Richard Scott

Laboratory
Number

IB03522

IB03523

1B03524

1B03525

JB03526

1B03527 '

1B03528

IB03529

IB03530

IB03531

Client Project™ID: 98-346
Lockheed

Sample Descript: Solid
First Sample #: IB03522

Sampled:
Received:
Extracted:
Analyzed:
Reported:

Feb 24, 19991
Feb 25, 19991
Mar 3-8, 19991
Mar 3-8, 1999§
Mar 9, 19991

Sample
Description

PS-11

PS-12

PS-13

PS-14

PS-15

PS-16

PS-17

PS-18

PS-19

PS-20

DRATE (EPA 300.0 Mod.)

Reporting
Limit
mg/Kg
(ppm)

200

200

1.0

200

200

200

0.40

400

200

200

Sample
Result
mg/Kg
(ppm)

7,400

540

13

8,100

5,300

7,300

N.D.

600

2,500

5,400

QC
Batch

IC06D31S

IC06D31S

IC07D31S

IC06D31S

IC06D31S

IC03D21S

IC08D31S

IC03D21S

IC03D21S

IC03D21S

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP #1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <3of6>



Del Mar Analytical
2852 Alton Ave.. Irvme. CA 32606 (949) 261-1022 FAX (949) 261-1228

1014 E Cooley Dr.. Suite A. Colton. CA 92324 (9091 370-4667 FAX (909) 370-1046
16525 Sherman Way. Suite C-11. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843

9484 Chesapeake Dr.. Suite 805. San Oiego. CA 92123 (619) 505-9596 FAX (619) 505-9689
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044 (602) 785-0043 FAX (602) 785-0851

RC Environmental Solutions Client Project ID:
1 Technology Drive
vine, CA 926 18 Sample Descript:
ttention: Richard Scott First Sample #:

98-346
Lockheed
Solid
IB03532

PERCHLORATE (EPA

Laboratory
Number

IB03532

IB03533

1B03534

1B03535

IB03536;

IB03537

1B03538

1B03539

1B03551

IBD3552

Sample
Description

PS-21

PS-22

PS-23

PS-24

PS-25

PS-26

PS-27

PS-28

PS-29

PS-30

Reporting
Limit
mg/Kg
(ppm)

200

200

200

200

200

200

400

200

200

400

300.0

Sample
Result
mg/Kg
(ppm)

2,400

1,300

360

2,400

4,200

3,000

5,300

2,500

4,900

13,000

Sampled:
Received:
Extracted:
Analyzed:
Reported:

Mod.)

QC
Batch

IC03D21S

IC03D21S

IC03D21S

IC03D21S

IC03D21S

IC03D21S

IC06D31S

IC03D21S

IC03D21S

IC06D31S

Feb 24, 1999!
Feb 25, 19991
Mar 3-6, 19991
Mar 3-6,1 999 1
Mar 9, 1999|

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP #1197)
Fred Haley
Project Manager

Results pertain only to samples tested In the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <4of6>



Del Mar Analytical
2SS2 Alton Ave.. Irvine. CA 92606

1014 E. Cooley Dr.. Suite A. Colton. CA 92324
16525 Si-erman Way. Suite C-11. Van Nays. CA 91406

9484 Chesaoeake Dr.. Suite 80S. San Diego. CA 92123
9830 Soj;fi 51st St.. Suite B-120. Phoenix. AZ 85044

(949) 261-1022 FAX 1943) 261-1228
(909) 370-4667 FAX 1903) 370-1046
(818) 779-1844 FAX (318) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

-̂fe-:??:-:̂ *̂̂ -̂̂
§TRC Environmental Solutions
||21 Technology Drive
| Irvine, CA 9261 8
|;Attention: Richard Scott

Client Project ID: 98-346
Lockheed

Sample Descript: Solid
First Sample #: IB03553

Sampled
Received
Extracted
Analyzed
Reported

: I
: I

PERCHLORATE (ERA 300.0 Mod.)

. . . .
Feb 24, 19991
Feb 25, 19991
Mar 3-6, 1999!
Mar 3-6, 1999§
Mar 9, 19991

Laboratory
Number

IB03553

Sample
Description

PS-31

Reporting
Limit
mg/Kg
(ppm)

400

Sample
Result
mg/Kg
(ppm)

12,000

QC
Batch

IC06D31S

1B03554 PS-32 200 6,300 IC03D21S

IB03555 PS-33 200 7,100 IC03D21S

Analyles reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP #1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <5of6>



Del Mar Analytical
2852 Alton Ave.. Irvine. CA 92606

1014 E. Cooley Or.. Suite A. Collon. CA 92324
16S2S Sherman Way. Suile C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suile 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(9491 261-1022 FAX (949) 261-1228
(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(6191 505-9596 FAX (619) 505-9689
(602) 785'0043 FAX (602) 785-0851

TRC Environmental Solutions
21 Technology Drive
Irvine, CA 92618
Attention: Richard Scott

Extracted:
Analyzed:
Reported:

Mar 3-8, 1999
Mar 3-8, 1999
Mar 9, 1999

PERCHLORATE (EPA 300.0 Mod.)

Sample
Description

Method Blank

Method Blank

Method Blank

Method Blank

Reporting
Limit
mg/Kg
(ppm)

0.040

0.040

0.040

0.040

Sample
Result
mg/Kg
(ppm)

N.D.

N.D.

N.D.

N.D.

QC
Batch

IC03D21S

1C06D31S

IC07D31S

IC08D31S

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP# 1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03512.TRC <6of6>



Del Mar Analytical
2852 Alton Ave.. Irvine, CA 92606

1014 E. Cooley Dr., Suite A, Colton. CA 92324
16525 Sherman Way. Suite C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

MS/MSD DATA REPORT

(949) 261-1022 FAX (949| 261-1228

(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

ERA METHOD: 300.0 Mod.
Matrix: Soil

Date
Analyzed: 3/3/99

Sample: IB03529

Batch: IC03D21S

Analyte R1 Sp MS
MEAN Acceptance

MSD PR1 PR2 RPD PR Limits

ppb ppb ppb ppb % % RPD MPR

Perchlorate 598000] 10000000 | 10900000 \ 10900000 \ 103% | 103% | 0.0% | 103% || 20 | 75-125 |

Definition of Terms:

R1............... Result of Sample Analysis
Sp............... Spike Concentration Added to Sample
MS.............. Matrix Spike Result
MSD............. Matrix Spike Duplicate Result
PR1.............. Percent Recovery of MS; ((MS-R1) / SP) X 100
PR2.............. Percent Recovery of MSD; ((MSD-R1) / SP) X 100
RPD............. Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2) X 100
Acceptance Limits. Statistically determined on an annual basis.

DEL MAR ANALYTICAL



Dei Mar Analytical
285Z Alton Ave., Irvlne. CA 92606

1014 E. Cooley Dr., Suite A, Collon. CA 92324
16525 Sherman Way. Suite C-11. Van Nuys, CA 91406

9484 Chesapeake Dr., Suite 805. San Diego, CA 92123
9830 South 51st St., Suite B-120. Phoenix. AZ 85044

(949) zei-fOZZ FAX (949J Z6t-<ZZS

(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (61S) 505-9689
(602) 785-0043 FAX (602| 785-0851

MS/MSD DATA REPORT

EPA METHOD: 300.0 Mod.
Matrix: Soil

Date
Analyzed: 3/6/99

Sample: IB03512

Batch: IC06D31S

Analyte

Perchlorate

R1 Sp

ppb ppb

4700000 | 10000000

MEAN
MS MSD PR1 PR2 RPD PR

ppb ppb % % % %

15300000 | 15100000 | 106% | 104% | 1.3% | 105% |[

Acceptance
Limits

RPD MPR

20 | 75-125 |

Definition of Terms:

R1............... Result of Sample Analysis
Sp............... Spike Concentration Added to Sample
MS.............. Matrix Spike Result
MSD............. Matrix Spike Duplicate Result
PR1.............. Percent Recovery of MS; ((MS-R1) / SP) X 100
PR2.............. Percent Recovery of MSD; ((MSD-R1) / SP) X 100
RPD............. Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2) X 100
Acceptance Limits. Statistically determined on an annual basis.

DEL MAR ANALYTICAL



Del Mar Analytical
2852 Alton Ave.. Irvine. CA 92606

10H E. Cooley Dr., Suite A. Colton. CA 92324
16525 Sherman Way, Suite C-11. Van Nuys, CA 91406

9484 Chesapeake Dr., Suite 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(949) 261- 1O22 FAX (3491 261-1223

(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

MS/MSD DATA REPORT

EPA METHOD: 300.0 Mod.
Matrix: Soil

Date
Analyzed: 3/7/99

Sample: IB03521

Batch: IC07D31S

Analyte R1 Sp MS
MEAN Acceptance

MSD PR1 PR2 RPD PR Limits

ppb ppb ppb ppb % RPD MPR

Perchlorate 0 | 1000000 | 963000 | 944000^ 96% | 94% | 2.0%] 95% || 20 | 75-125 ||

Definition of Terms:

R1............... Result of Sample Analysis
Sp............... Spike Concentration Added to Sample
MS.............. Matrix Spike Result
MSD............. Matrix Spike Duplicate Result
PR1.............. Percent Recovery of MS; ((MS-R1) / SP) X 100
PR2.............. Percent Recovery of MSD; ((MSD-R1) / SP) X 100
RPD............. Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2) X 100
Acceptance Limits. Statistically determined on an annual basis.

DEL MAR ANALYTICAL



Del Mar Analytical
2852 Allan Ave.. trvine. CA 926OG

1014 E. Cooley Dr.. Suite A. Colton. CA 92324
16525 Sherman Way. Suite C-11, Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(949} 261-1O33 FAX (949> 2&1-1££B

(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

MS/MSD DATA REPORT

EPA METHOD: 300.0 Mod.
Matrix: Soil

Date
Analyzed: 3/8/99

Sample:

Batch:

Analyte

Perchlorate

IB03521

IC08D31S

R1 Sp
MEAN Acceptance

MS MSD PR1 PR2 RPD PR Limits

ppb ppb ppb ppb RPD MPR

100 I 90.1 | 90.1 | 90% 1 90% | 0% I 90% || 20 | 75-125

Definition of Terms:

R1................... Result of Sample Analysis
Sp................... Spike Concentration Added to Sample
MS.................. Matrix Spike Result
MSD................. Matrix Spike Duplicate Result
PR1................. Percent Recovery of MS; ((MS-R1) / SP) X 100
PR2................. Percent Recovery of MSD; ((MSD-R1) / SP) X 100
RPD................. Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2) X 100
Acceptance Limits..... Statistically determined on an annual basis.

DEL MAR ANALYTICAL



Ship To: DtlhAov-An
Aim: clitic<A(Lehxak
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XvvKviy? O4 32fe f lk
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No.
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Sample
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Sample Type

Water Solid
^
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Received by: \//\ I A . (
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Sample Containers
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\f
*f

•

/ Analysis /

/ / / / / / / / Remarks

Company

*fYly^
L<^d /V^xf3

^x5^L /^/^
l^iVllVl

Special Instructions / Shipment / Handling/ Storage Requirements:

The materlal(s) listed are received for analysis and/or treatability evaluation and remain the
property of the client and not TRC. At the conclusion of the test work, all remaining
material(s) will be returned to the client for eventual disposal at a licensed facility.

( Datjf Time

Z/l*7?f ^/3<5
3-2.$ ?9- ^.'3o
<kr2f$.$<? 9".^^

"Z/2J? /^ tf'-S'S'
( *

T/1 TRC
[4 / 21 Technology Drive

/^ Irvine, California 92618
( (949) 727-9336

TRC
D 2815 Mitchell Drive, Suite 103

Walnut Creek, California 94598
(925) 935-3294



Ship To: P«.| tfwh*v\*A$Cc.( LdZrtSb i.
Attn: ' 1

a$s^ AKz?w Avewwe-
Hvv?v,c. CA ^-Z, 4.O{o
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No.

-

Sample
No.
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P5-Q,fe
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Water Solid
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V
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Total Number o/ Samples Shipped: Shipper's Signature: \ | V
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,
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u K I Y n /^ Signature V

Relinquished bv:\Ni\\J\M

Received by: /?%^ ^£&t^L.~
Relinquished by:>fis^(fo -^ffe /-<^^*-
Received by: \^\ //] JA/A/^frA}
Relinquished by:
Received by:

'i
0

Sample Containers
Vol.

1 yf
1/f

No.

^

Type Pfes.

CHAIN OF CUSTODY RECORD
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t/
/
^
l/
I/
C/
/
^

^^

\/
V
i/
•
i/
I/

V

/ Analysis /

/%/ r / Remarks

vl/l|
( ( Company

Tiiyi'i'j
ofe^i /vx;x>
/t^d />7^

D^vi/Vf

Special Instructions /Shipment /Handling/ Storage Requirements:

The material(s) listed are received for analysis and/or treatability evaluation and remain the
property of the client and not TRC. At the conclusion of the test work, all remaining
material(s) will be returned to the client for eventual disposal at a licensed facility.

Date ' Time

"^fi^2-2T'f? J.'^O

5^-9. 90 9:^f,
J?'J $•,?*? .̂' S*V

-Z-j ZT/Q 3 3 '- 5T"

0, TRC
pH 21 Technology Drive

X\/ ' Irvine, California 92618
/ V (949) 727-9336

TRC
D 2815 Mitchell Drive, Suite 103

Walnut Creek, California 94598
(925) 935-3294



Ship To: 1X1 M»-Avttlt/fa\aA UWWy
Attn: ' 7

o ĉ """/ ^ i-i_rt A i•Aoi 4 /+n/»-» '"Wdvxvdi-
rrvsJA^., £fc <?2J. Of.

BoringAVell
No.

;

Sample
No.

ft- 31
PS-32,
PS-S5

Depth Date Time

3 -2
,^ of ~J
Project
Project
SiteLo

Date:

Name

No.:

• L.̂ eKUotoC

cation:
/ /

Sample Type
Water Solid

y
s
V

Total Number of Samples Shipped:/ Shipper's Signature:r\T
Relinquished bv:V3N\,

Other

K
K I/ Signature

VPA

1
\(

C

I3> w

Received by: J^^^^^^^^^/L^^
Relinquished ^T-/£^f3^'l: .^^CfL^^^tf^.

Received by: Xs\ AA * (OjA 4 O
Relinquished by:
Received by:

Special Instructions / Shipment / Handling/ Storage Requirements:

•§
5

Sample Containers
Vol. No. Type Pres.

CHAIN OF CUSTODY RECORD

AAT/A/Ay
l/"j//

/ Analysis /

/ / / / / / / / Remarks

Company

'{Y^
h£C- S7s4/P
b^L. *?#{>DMM

'•

The material(s) listed are received for analysis and/or treatability evaluation and remain the
property of the client and not TRC. At the conclusion of the test work, all remaining
material(s) will be returned to the client for eventual disposal at a licensed facility.

Date/ Time

"L\i^n^ *^.'j<?
^-,^9.99 *P!3o
oi'^'99 ,̂'5^
Tsts-Cf ") 9S^T

V, TRC
\~A 21 Technology Drive

/ \ ' Irvine, California 92618
/ (949) 727-9336

TRC
C] 2815 Milchell D.rive, Suite 103

Walnut Creek, California 94598
(925) 935-3294



Del Mar Analytical
3852 Alton Ave.. Irvine. CA 92606

1014 E. Cooley Dr., Suite A, Colton. CA 92324
16525 Sherman Way. Suite C-11, Van Nuys, CA 91406

9484 Chesapeake Dr.. Suite 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(949) 261-1022 FAX (949 2S1-1228
(909) 370-4667 FAX (909 270-1046
(818) 779-1844 FAX (818. 779-1843
(619) 505-9596 FAX (619 5:5-9689
(602) 785-0043 FAX (602 "35-0851

LABORATORY REPORT

Prepared For: TRC Environmental Solutions
21 Technology Drive
Irvine, CA 9261 8

| Attention:
I Project:

Richard Scott
98-346
Lockheed

Sampled:
Received:
Reported:

2/18/99
2/26/99
3/9/99

This laboratory report is confidential and is intended for the sole use of
Del Mar Analytical and its client. This entire report was reviewed and approved for release.

CA ELAP Certificate #1197
AZ DHS Licence #AZ0428

DEL MAR ANALYTICAL

Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03793.TRC <1 Of3>



Del Mar Analytical
2852 Alton Ave.. Irvine. CA 92606

1014 E. Cooley Or.. Suite A, Cotton. CA 92324
16525 Sherman Way. Suite C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805. San Diego. CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(949) 26t-t022 FAX (949) 261-1228

(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

.
|TRC Environmental Solutions
it 21 Technology Drive
| Irvine, CA 926 1 8
liAttention: Richard Scott

Client Project ID: 98-346
Lockheed

Sample Descript: Solid
First Sample #: IB03793
QC Batch: IC09D31S

Sampled:
Received:
Extracted:
Analyzed:
Reported:

Feb 18, 19991
Feb 26, 1999|
Mar 9, 1999?
Mar 9, 1999|
Mar 9, 1999f

PERCHLORATE (EPA 300.0 Mod.)

Laboratory
Number

IB03793

Sample
Description

PS-34

Reporting
Limit
mg/Kg
(ppm)

4,000

Sample
Result
mg/Kg
(ppm)

30,000

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP #1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03793.TRC <2of3>



Del Mar Analytical
2852 Alron Ave.. Irvlne. CA 92606

1014 E. Cooley Dr., Suite A, Colton, CA 92324
16525 Sherman Way. Suite C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805, San Diego, CA 92123
9830 South 51st St.. Suite B-120. Phoenix. AZ 85044

(3191 Z61-10ZZ FAX (949; Z61-1ZZ8
(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

TRC Environmental Solutions
21 Technology Drive
Irvine, CA92618
Attention: Richard Scott

QC'Bafch:'" IC09D31

Extracted: Mar 9, 1999
Analyzed: Mar 9, 1999
Reported: Mar 9, 1999

PERCHLORATE (ERA 300.0 Mod.)

Sample
Description

Method Blank

Reporting
Limit
mg/Kg
(ppm)

0.040

Sample
Result
mg/Kg
(ppm)

N.D.

Analytes reported as N.D. were not present at or above the reporting limit.

DEL MAR ANALYTICAL (ELAP# 1197)
Fred Haley
Project Manager

Results pertain only to samples tested in the laboratory. This report shall not be
reproduced, except in full, without written permission from Del Mar Analytical. IB03793.TRC <3of3>



Del Mar Analytical
2852 Alton Ave.. Irvine. CA 92606

•314 E. Cooley Dr.. Suite A. Colton. CA 92324
16525 S'erman Way. Suite C-11. Van Nuys. CA 91406

9484 Chesapeake Dr.. Suite 805, San Diego. CA 92123
9830 Se-th 51st St.. Suite B-120. Phoenix. AZ 85044

(949) 261-1022 FAX |949> 261-1228
(909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843
(619) 505-9596 FAX (619) 505-9689
(602) 785-0043 FAX (602) 785-0851

MS/MSD DATA REPORT

EPA METHOD: 300.0 Mod.
Matrix: Soil

Date
Analyzed: 3/9/99

Sample: 1B03793

Batch: 1C09D31S

Analyte R1

ppb

Sp

ppb

MS

ppb

MSD

ppb

MEAN
PR1 PR2 RPD PR

Acceptance
Limits

RPD MPR

Perchlorate || 29300000 | 500000000 | 524000000 | 530000000 | 99% | 100% | 1.1%|100% j| 20 | 75-125

Definition of Terms:

R1................. Result of Sample Analysis
Sp................. Spike Concentration Added to Sample
MS................. Matrix Spike Result
MSD............... Matrix Spike Duplicate Result
PR1................ Percent Recovery of MS; ((MS-R1) / SP) X 100
PR2................ Percent Recovery of MSD; ((MSD-R1) / SP) X 100
RPD............... Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2) X 100
Acceptance Limits... Statistically determined on an annual basis.

iEL MAR ANALYTICAL



Ship To: _De\
Aim: c

BoringAVell
No.

Sample
No. Depth Date

1
Project Name: l~t>ck\\4ec,[
Project No.:__9i

CW.1iSite Location:.
Date: Z. I /?

Time
Sample Type

Water Solid Other
Sample Containers

Vol. No. Type Pres,

CHAIN OF CUSTODY RECORD
Analysis /

Y/fr

*1 nay
Remarks

•a*

Total Number of Samples Shipped: Shipper's Signature:
Signature Company Date Time

Relinquished by:

Received by:.
Relinquisheaby:
Received by:

Relinquished by:
Received by:

Special Instructions / Shipment / Handling/ Storage Requirements:

The material(s) listed are received for analysis and/or treatability evaluation and remain the
property of the client and not TRC. At the conclusion of the test work, all remaining
material(s) will be returned to the client for eventual disposal at a licensed facility.

TRC
21 Technology Drive

Irvine, California 92618
(949) 727-9336

D
TRC

2815 Mitchell Drive, Suite 103
Walnut Creek, California 94598

(925) 935-3294



APPENDIX A.2

AMERICAN PACIFIC CORPORATION

TftC



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-02/1B03513

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
349,800

Analyst
1350

Deviations
NA

' MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-03/IB03514

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
895,800

Analyst
1350

Deviations
NA

• MOL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-04/IB03515

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
762,500

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Umit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
Of not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-05/IB03516

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
670,500

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-06/1B03517

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
322,000

Analyst
1350

Deviations
NA

• MDL - Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-07/IB03518

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
473,900

Analyst
1350

Deviations
NA

• MOU = Minimum Dctctfable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
I rvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-08/IB03519

Receipt Date: March 12.1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
109,300

Analyst
1350

Deviations
NA

• MDL « Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: _____
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-09/IB03520
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
438,200

Analyst
1350

Deviations
NA

• MDL * Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-10/IB03521

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*

60
Units
ppb

Result
<60

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-11/1B03522

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
816,600

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: 7UL
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-12/IB03523

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
63,640

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-13/IB03524

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*
600

Units
ppb

Result
<600

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: tA-^ Al̂ c -̂C'*'-
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-14/IB03525

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
948,300

Analyst
1350

Deviations
NA

• MDL. ** Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Dire'ctor Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22. 1999

Sample ID; PS-15/IB03526

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
606,500

Analyst
1350

Deviations
NA

• MDi.« Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: M c-u_4" ,i/ /V /.
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-16/IB03527

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
751,600

Analyst
1350

Deviations
NA

• MDL « Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-17/IB03528

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*
600

Units
ppb

Result
<600

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-18/IB03529

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
73,300

Analyst
1350

Deviations
NA

• MDL « Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-19/IB03530

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
265,400

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: Jk
Dire6tor Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-20/IB03531

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
538,600

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-21/1B03532

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL-
500

Units
ppb

Result
296,000

Analyst
1350

Deviations
NA

• MOL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: /V^L*—-v~--i •-
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-22/IB03533

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perohlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
154,900

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID; PS-23/IB03534
21 Technology Drive
Irvine, CA 92618

February 24,1999

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
46,460

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-24/IB03535

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
259,200

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-25/IB03536

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
422,300

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
Of not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-26/IB03537

Receipt Date: March 12.1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
307,300

Analyst
1350

Deviations
NA

• MOL - Minimum Dctectible Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID; PS-27/IB03538

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
668,200

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
J , V? /
c.,-.. /rvvv'/x-tx—^£—4>.

Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-28/IB03539

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/17/99
Method

WEC-LAB-060-WI-54
MDL*
500

Units
ppb

Result
259,900

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-29/IB03551

Receipt Date: March 12. 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
518,900

Analyst
1350

Deviations
NA

• MDL * Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-30/IB03552

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
1,430,000

Analyst
1350

Deviations
NA

• MOL « Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-31/IB03553

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
1,329,000

Analyst
1350

Deviations
NA

• MDL « Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: •f<i, u_ '̂ t-«^-X A^̂ -̂ Ê ^̂ .
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine. CA 92618

February 24,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-32/IB03554

Receipt Date: March 12,1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
638,100

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24, 1999

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-33/IB03555

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
2500

Units
ppb

Result
756,300

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 18,1999

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: PS-34/IB03793

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
5000

Units
ppb

Result
2,631 ,000

Analyst
1350

Deviations
NA

• MDL = Minimum Delectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: ____Blank___
21 Technology Drive
Irvine, CA 92618

NA

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*

3
Units
ppb

Result
<3

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC

Project No.: 98-346 Lockheed

Report Date: March 22, 1999

Sample ID: _____LCS1_____
21 Technology Drive
Irvine, CA 92618

NA

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*

3
Units
ppb

Result
96

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: J
7 \̂ C-l,

DirectoiDirector Analytical Labs and Product Development



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(if not AMPAC)

Client:

Collection Date:

Preservation:

TRC

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: ____LCS2___
21 Technology Drive
Irvine, CA 92618

NA

Receipt Date: March 12, 1999

Collection Time: NA

Refrigeration Preparation Date: March 16, 1999

Test Results
Analyte

Perchlorate
Date

3/22/99
Method

WEC-LAB-060-WI-54
MDL*

3
Units
ppb

Result
104

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Umit

Description of Deviations and/or QC Failures:

Authorized Signature and Title:
Director Analytical Labs and Product Development



Del̂ r Analytical
2W2 Alton A«,kv1n«,CAtJtO« (MI)MM022 FAX (M9) 28M2J»

.olnI>r,Si*«A.Co«on,C»MJS4 (K«)9T»4M7 FAX (K>1) 370-1 M«
J 1ISIS StNflnm Way, SuHi C-11, Vm Nuyt, CA I14M (III) 77f-1M4 FAX (III) 7W-1MJ

2445 W12thSt, Suit. 1,Timp«,AZ«Sl»1 (M3)MM172 FAX («03) R4-1 JJI

To:
CHAIN OF CUSTODY FORM AUrv. ftir<

Client Name/Address:

2A TechncAcm
Project Manager:

Sampler

Sample
Description

Sample
Matrix

Container
Type

Project/PO Number:

Phone Number

Fax Number

#of
Cont.

Sampling
Datemme

Preservatives

<J

i

Analysis Required

Special Instructions

/3B0352O

J J/

Relinquished By:

Date Kmy.

Date /Time:/

Received by: Date /Time:

Recejv Date /Time:

Turnaround Time: (Check)
same day ___ 72 hours
24 hours ____ 5 days
48 hours normal

Relinquished By: Date ATime: Recei Date /Time: Sample Integrity: (Check)
intact on ice

Note: By relinquishing samples to Del Mar Analytical, client agrees to pay for the services requested on this chain of custody form and any additional analyses performed on this project. Payment for services is
due within Sundays from the date of invoice. Sample(s) will be disposed of after 30 days.



D Analytical
., MM, CA tjaot <«4i) MMOJJ FAX (MI) Mi-mi

(014 E. Cootty Or, Suit. A. Colton, CA WM4 (HI) I70-tSt7 FAX (Kt) 370-1044
1IS2S Sbwnun W«y, Suite C-11, Vtn Hujt, CA *140« (111) T7V1M4 FAX (111) 77HMJ

!«IW12ftSL,Sufl«1,TtCBp«,AIIJ3«1 (H])HMZn FAX(M1)M«-13M
< Dr, Sullt IDS. Sm W^O, CAM1M (til) (OM4M FAX (111) 60M4M

lo; •
CHAIN OF CUSTODY FORM Page of

Client Name/Address:

Project Manager:

Sampler:

Sample
Description

Sample
Matrix

Container
Type

Project/PO Number:

Phone Number:

Fax Number:

#of
Cont.

Sampling
Date/Time

Preservatives

Analysis Required

Special Instructions

0£

-\

iLCSZ. |6Qppt>

Relinquished By: Received by: Date /Time:

Relinquished By: Deceived by: Date /Time:

Turnaround Time: (Check)
same day ____ 72 hours
24 hours ____ 5 days
48 hours normal

Relinquished By: Date /Time: Received in Lab by: Date /Time;
31 wW

Sample Integrity:
intact

(Check)
on ice

Note: By relinquishing samples to Del Mar Analytical, client agrees to pay for the services requested on this chain of custody form and any additional analyses performed on this project. Payment for services is
due within 3Odays from the date of invoice. Sample(s) will be disposed of after 30 days.



?• Del Ar Analytical
* 2t52AI«S«.,liYfn«,CA»J«0» (MI)MM FAX (M«) MI-1221
1014 E. Coe% Dr., Suit* A, Cotton, CA 12324 (Mt) J70-4N7 FAX (Ml) S70-104*

t1IS25Sh«ninW>r,SutU<M1,V«lNuyi,CAt140l (111)771-1144 FAX(111)771-1143
' 24*5W 12thSt,Su(»1,TMi(M,AZIini (M1)MM272 FAX(M2)K4-1JM
MMCtiMipMklDr̂ SulUM, tan Dtogo,CA 12121 (>1l)!OMiM FAX (111) SOS-MI* CHAIN OF CUSTODY FORM

047.1.3
"7Page <-—- of

Client Name/Address: iProjed/PO Number:

Project Manager.

• t̂t
Sampler:

Sc&V-l-

Sample
Description

hone Number:

)12
Fax Number:

Sample
Matrix

Container
Type

#of
Cont.

Sampling
Date/Time

Preservatives

-*-

§
0

Analysis Required

HJT Op 3/2-4

Special Instructions

1

PS-
P5-R

PS-26

LJ__I

Relinquished By:

Received by: Date /Time:

Date rrime: Rececejj)ed ^y, Date

Turnaround Time: (Check)
same day ___ 72 hours
24 hours ____ 5 days
48 hours normal

Relinquished By: Date rrime: Receiil/ed.in L Date /Time: Sample Integrity: (Check)
intact on ice

Note: By relinquishing samples to Del Mar Analytical, client agrees to pay for the services requested on this chain of custody form and any additional analyses performed on this project. Payment for services is
due within Sffdays from the date of invoice. Sample(s) will be disposed of after 30 days.



Pratt & Whitney
A United Technologies Company

Space Propulsion Operations

P.O. Box 49028
San Jose, CA 95161 -9028
408.779-9121

Mr. G. Nicoll
United Technologies Corporation
P.O. Box 49028
San Jose, CA 95161-9028

The following samples were received by the Chemical Systems Division Environmental Quality Laboratory (EQL) for analysis
under California Department of Health Services (DHS) Environmental Laboratory Accreditation Program (ELAP) certificate
number 1639:

COC: DMA14711
DATE SAMPLED: 02/24/99
PROJECT NO.: ESAR000796

LAB SAMPLE ID
BLANK
IB03512
IB03513
IB03514
IB03515
IB03516
IB03517
IB03518
IB03519
IB03520
IB03521
IB03522
IB03523
IB03524
IB03525
IB03526
IB03527
IB03528
IB03529

ANALYSIS
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CLO4 (1C)
CL04 (1C)

LAB SAMPLE ID
IB03530
IB03531
IB03532
IB03533
IB03534
IB03535
IB03536
IB03537
IB03538
IB03539
IB03551
IB03552
IB03553
1B03554
IB03555
IB03793
IB05CLO4C
1C06CLO4C

ANALYSIS
CL04 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CL04 (1C)
CLO4 (1C)
CLO4 (1C)
CL04 (1C)
CL04 (1C)

This report has been reviewed for technical correctness and completeness as verified by the signatures below. An attached
QA/QC Report has a discussion of any analytical problems associated with these samples.

Any questions regarding this report should be directed to the Laboratory Director.

6-Bfuce Boman(_Gh€fnist
Environmental Quality Laboratory

Date

Steven R. Secara, Laboratory Director
Environmental Quality Laboratory

Date



APPENDIX A.3

UNITED TECHNOLOGIES CORPORATION

TRC



American Pacific Corporation - Utah Operations
10622 West 6400 North, Cedar City, Utah 84720

Tel: (435) 865-5000 Fax: (435) 865-5029

Laboratory:
(ifnotAMPAC)

Client:

Collection Date:

Preservation:

TRC
21 Technology Drive
Irvine, CA 92618

February 24,1999

Refrigeration

Project No.: 98-346 Lockheed

Report Date: March 22,1999

Sample ID: PS-01/IB03512

Receipt Date: March 12,1999

Collection Time: _____NA_____

Preparation Date: March 16,1999

Test Results
Analyte

Perchlorate
Date

3/19/99
Method

WEC-LAB-060-WI-54
MDL*
1000

Units
ppb

Result
468,900

Analyst
1350

Deviations
NA

• MDL = Minimum Detectable Limit

Description of Deviations and/or QC Failures:

Authorized Signature and Title: 't<\^{^'Y t-v_S kix-A—-tf~-i>.

director Analytical Labs and Product Development



QA/QC REPORT
ENVIRONMENTAL QUALITY LABORATORY

(408) 776-4214

United Technologies WOR/C of C
P. O. Box 49028 Date Sampled
San Jose, CA 95161-9028 Project

QA/QC SUMMARY

No QA/QC problems were associated with these samples.

All samples were analyzed within holding times.

DMA14711
ESAR000796
02/24/99



UNITED TECHNOLOGIES/CHEMICAL SYSTEMS DIVISION
ENVIRONMENTAL QUALITY LABORATORY

REPORT DESCRIPTION

All Official Analytical Reports (OARs) report amounts as gross values, i.e., not corrected for
blank or surrogate recovery. Concentration values of tentatively identified compounds (TICs)
reported as a result of the Library Search Compound Report (8260 analysis only) are
approximate values only.

SAMPLE TYPE

OARs may contain a comment regarding the type of sample analyzed for that report. A list of
these abbreviations follows.

S: Sample
R: Replicate of Sample
M: Matrix spike of listed sample
B: System blank
C: Continuing calibration standard
L: Laboratory control standard
E: External reference standard
V: GC/MS verification analysis of Bromofluorobenzene (BFB)

QUALIFIERS

OARs may contain abbreviations referring to compound concentrations or various qualifying
statements concerning the compound concentrations reported. A list of these abbreviations
follows.

N/D or <: Compound was not detected at or above the listed reporting limit or
concentration.

U: Compound was not detected at or above listed reporting limit or concentration.
B: Compound was found in associated system, trip, equipment, or field blank.
E: Estimated. Reported concentration is outside the instrument's calibration range.
J: Compound was detected below the listed reporting limit. Concentration should be

treated as an estimated value. Tentatively Identified Compounds (TICs) will always
have a "J" qualifier since they are not included in the instrument calibration.

N: Indicates presumptive evidence of a compound. This flag is used only for TICs.

Absence of a qualifier indicates that the compound was detected at or above the listed reporting
limit.

SURROGATE RECOVERY SUMMARY AND MATRIX SPIKE RECOVERY FORMS

These pages contain Quality Assurance data. All values outside of established control limits
will be flagged with an "*". The total number of matrix spikes or relative percent differences
outside of the limits will be listed at the bottom of the matrix spike recovery form.



PERCHLORATE ANALYSIS DATA SHEET
CSD Wl 60.12.5W216.2 (ERA METHOD 300.0 modified)

ENVIRONMENTAL QUALITY LABORATORY
(408) 776-4214

DHS-ELAP CERTIFICATE #1639

PROJECT ID:ESAR000796

MATRIX: WATER

CofC#: DMA14711 DATE REPORT:03/25/99

Sample ID

IB03512
IB03513
IB03514
IB03515
IB03515R
IB03516
IB03517
IB03518
IB03519
IB03520
IB03521
IB03522
IB03523
IB03524
IB03525
IB03526
IB03527
1B03528
IB03529
IB03529R
IB03530
IB03531
IB03532
IB03533
1B03534
IB03535
1B03536
IB03537
IB03538
IB03539
IB03551
1B03552
IB03553
1B03554
IB03555
IB03793

Dilution
actor

50
50
50
50
50
50
1

50
1

50
1

50
1
1

50
50
50
1
1
1

50
50
50
1
1
10
50
50
10
1

50
50
10
10

500
10

Detection
mit

200
200
200
200
200
200
4

200
4

200
4

200
4
4

200
200
200
4
4
4

200
200
200
4
4
40
200
200
40
4

200
200
40
40

2000
40

Reported
concentration

515
236
773
630
1184
476
368
883
96.8
512
<4
626
59.7

• <4
864
519
564
<4

83.2
99.3
327
1000
256

264.6
73.8
284
368
481
712

362.3
529
2009
1438
630
2600
3298

Reporting
units
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Qualifier

U

U

U

Date
Sampled

Date
Analyzed
03/22/99
03/22/99
03/22/99
03/22/99
03/22/99
03/22/99
03/23/99
03/22/99
03/23/99
03/22/99
03/23/99
03/22/99
03/23/99
03/23/99
03/22/99
03/22/99
03/22/99
03/23/99
03/24/99
03/24/99
03/22/99
03/22/99
03/22/99
03/24/99
03/24/99
03/24/99
03/22/99
03/22/99
03/24/99
03/24/99
03/22/99
03/22/99
03/23/99
03/23/99
03/24/99
03/23/99

ime
Analyzed

13:26
13:41
13:56
14:11
15:57
14:26
15:04
14:56
15:19
15:27
15:35
16:42
15:50
16:05
17:27
17:42
17:58
16:20
10:56
11:12
18:43
18:58
20:44
11:42
11:57
14:02
21:44
21:59
14:17
12:42
22:44
22:59
14:04
14:19
09:11
14:49

Reporting Limit for Perchlorate is 4 mg/L



EQL QUALITY CONTROL DATA

Sample ID
300MB990318-1
300MB990322-1
300MB990322-1
300MB990323-1
300MLCS990318-1
300MLCS990318-2
300MLCS990322-1
300MLCS990322-2
300MLCS990323-1
300MLFB990318-1
300MLFB990318-2
300MLFB990322-1
300MLFB990322-2
300MLFB990323-1
300MLPC990318-1
300MLPC990318-2
300MLPC990318-3
300MLPC990322-1
300MLPC990322-2
300MLPC990322-3
300MLPC990322-4
300MLPC990322-5
300MLPC990323-1

Spike
Added
(mg/L)

9.95
9.95
9.95
9.95

48.35
19.6
19.6
19.6
38.4
38.4
100
100
100
100
100
100
100
100
100

Spike
Concentration
(mg/L)

<4
<4
<4
<4

10.2
10.6
9.56
9.44
53.2
19.2
18.1
17.7
38

34.5
109

108.6
108.3

98
102

105.2
103.4
99.4
103.9

Spike
Recovery

103%
107%
96%
95%

110%
98%
92%
90%
99%
90%

109%
109%
108%
98%

102%
105%
103%
99%

104%

QC Limits
<4
<4
<4
<4

90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%
90% -110%

Date
Analyzed
03/18/99
03/22/99
03/22/99
03/24/99
03/18/99
03/18/99
03/22/99
03/24/99
03/24/99
03/18/99
03/18/99
03/22/99
03/24/99
03/24/99
03/18/99
03/18/99
03/18/99
03/22/99
03/22/99
03/22/99
03/23/99
03/24/99
03/24/99

Time
Analyzed

13:49
20:28
11:44
10:41
18:36
22:40
19:58
10:11
12:57
18:25
22:29
19:43
09:56
14:32
16:07
18:46
21:15
11:29
16:27
20:13
13:49
08:56
10:26

ACCOMPANYING QC SAMPLE DATA
Sample ID

BLANK
IB05CL04C
IB06CLO4C

Spike
Amount
(ug/l)

0
100
100

Reported
concentration
(ug/l)

0
98.7
94.3

%
recovery

99%
94%

QC Limits

90% -110%
90% -110%

Date
Analyzed

03/15/99
03/15/99
03/15/99

TIME

16:37
16:49
17:02



MATRIX SPIKE DATA

Sample ID
IB03515MS
IB03515MS
IB03524MS
IB03524MS
IB03535MS
IB03535MS
IB03555MS
IB03555MS

Spike
Added
(ug/L)

19600
19600
19600
19600
19600
19600
19200
19600

Sample
Concen.
(ug/L)

630
630
0
0

284
284
2600

0

Matrix Spike
Concentration
(ug/L)

18500
19090
17890
18950
19973
18490
18320
18940

Matrix
Spike
Recovery

91%
94%
91%
97%

100%
93%
82%
97%

QC Limits
75%-125%
75%-125%
75%-125%
75%-125%
75%-125%
75%-125%
75%-125%
75%-125%

Date
Analyzed
03/22/99
03/18/99
03/22/99
03/18/99
03/22/99
03/18/99
03/24/99
03/18/99

Time
Analyzed

16:12
15:56
19:28
18:14
23:30
21:04
09:41
22:18

300MLPC...: Laboratory Performance Check sample performed to verify that the calibration curve is still valid.
300MLFB...: Laboratory Fortified Blank sample performed to verify recovery of analyte as it is taken through the system.
300MLCS...: Laboratory Control Sample performed to verify system operation. Sample is prepared using a stock standard other than the
standard used to prepare the calibration curve.
...MS or... MSD: Analytical samples spiked with analyte to determine matrix effect on analysis.



Del MjMytical
JiM Alton A»JRli»,eA»2SO« <H*)2«M022

1014 E. Cootor £"•. Sull« A, Cotton, CA 12324 (iOt) 370-US7
| I6"S Shtrnun Wir, Suiu c-11, VHI Nuyt, CA «i«o4 («1I) m-lM4

J«5 W «Oi St., Soil* 1, Tmp^ AZ15211 (M3) HM275
• Dr., SMH« US, lin Dhgo, CA 17123 (111) COS-KM

FAX (Ml)»1-1221
FAX (K>») J7HM4
FAX (ill) m-IMJ
FAX (M2) M*-U3*
FAX (ni) so»eM

To:OniUcl

CHAIN OF CUSTODY FORM A \|n '. bi ll ?fa4 f or
lient Name/Address:

Project Manager:

Sampler

Sample
Description

Sample
Matrix

Container
Type

Prqject/PO Number

Phone Number:

Fax Number:

#of
Cont.

Sampling
Date/Time

Preservatives

Analysis Required

u op:

Special Instructions
TTJF

/JBQ35/ ^>

ps-io

J
Date /Time:

Relinquished By:

Received by: Date /Time:-ex
Date n"ime: Deceived by: Date /Time:

Turnaround Time: (Check)
same day ___ 72 hours
24 hours ____ 5 days
48 hours __ normal

Relinquished By: Date /Time: Date /Time: Sample Integrity: (Check)
intact

Note. By relinquishing samples to Del Mar Analytical, client agrees to pay for the services requested on this chain of custody form and any additional analyses performed on this project. Payment for services is
due within 3tfdays from the date of Invoice. Sample(s) will be disposed of after 30 days.



'• Del !\̂ \nalyti
lllo^((Rln«,CAW«0« (1

ical
1014 t. Coofcy Of, SriM A, Cation, CA R»4 |Kt) 17MMT FAX (KH) 3I1MM*

l«!5 %tm*n Wty, Suit. C-lt, Vin Ntlyi, CA 11401 (111) T7MH4 FAX (111) T7V1M1
2<«5W12ttiSUEuH.1,T»mp.,«mi1 (Ml)MM27a FAX (KB) Mt-133i

MM Ch.up.ik. Dr., Suit. IDS, StR DUgo, CAI212) (111) SM-MM FAX (111) S09-MH CHAIN OF CUSTODY FORM

M7.13
Page <_— ol J~> _

-lient Name/Address:

2.\ *T^c-V^odiocvA. l^r\»c»
Project Manager:

Sampler:

Sample
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Turnaround Time: (Check)
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Sample Integrity: (Check)
intact on ice

due within SCTdays from the date of invoice. Sample(s) will be disposed of after 30 days.
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î \

Container
Type

(^0£%

\

I

1

•si

l̂nSV^
j
I

7

Project/PO Number:

lJxj<L-e--ecL
Phone Number:

Fax Number:

#of
Cont.

1

^

I

/

N/

Sampling
Date/Time

2-1241̂
-\

-f
4

2/181̂

/ yj //Date /Time:

;£_$ Date /Tirtfe

Relinquished By: Date /Time:

Preservatives

K

Analysis Required ]

^

Received by: /i Date /Time: /
J^edL -6X 3/ //

Received by: Date /Time:

Received in Lab by: Date /Time:

Special Instructions

U|T Op "3/2^

^/

* H/Tup2//£
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Note: By relinquishing samples to Del Mar Analytical, client agrees to pay for the services requested on this chain of custody form and any additional analyses performed on this project. Payment for services is
due within 3Odays from the date of invoice. Sample(s) will be disposed of after 30 days.
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MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson Americss, Inc.
555 Eist Walnut Street
Pasadena, California 91101
Te 1:626 568 6400 Fax: 626 568 6324
1800 566 LABS (1800 566 5227)

Laboratory Report

for

AWWARF Perchlorate Project
MW/PAS 2

Pasadena CA 91101

Attention: Andy Eaton
Fax: 626-568-6324

ADE Andy Eaton Reporttf: 52565
CLO4



MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson America:. Inc.
555 East Walnut Strait
Pasadena, California 91101
Tel: 626 S68 6400 Fax: 626 S68 6324
1800 566 LABS (1800 566 52271

Laboratory
Report
#52565

AWWARF Perchlorate Project
Andy Eaton
MW/PAS 2
Pasadena , CA 91101

Samples Received
12-mar-1999 13:37:03

Prepared Analyzed QC BatchS Method Analyte Result Units MDL Dilution

PS-01/IB03512 EXTRACT (990312323) Sampled on
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata

PS-02/IB03513 EXTRACT (990312324) Sampled on
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata

PS-03/IB03514 EXTRACT (990312325) Sampled on
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata

PS-04/IB03515 EXTRACT (990312326) Sampled on
03/18/99 93708 < MOD/EPA 300 ) Parchlorata

EXTRACT (990312327) Sampled on
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata

PS-06/IB03517 EXTRACT (990312328) Sampled on
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata

PS-07/IB03518 EXTRACT (990312329) Sampled on
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata

PS-08/IB03519 EXTRACT (990312330) Sampled on
04/02/99 94668 ( MOD/EPA 300 ) Parchlorata

PS-09/IB03520 EXTRACT (990312331) Sampled on
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata

02/24/99
530000

02/24/99
310000

02/24/99
940000

02/24/99
800000

02/24/99
620000

02/24/99
300000

02/24/99
sooooo

02/24/99
97000

02/24/99
430000

ug/1 40000 10000

ug/1 16000 4000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

ug/1 4800 1200

ug/1 40000 10000
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MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson Americas, Inc.
555 East Walnut Street
Pasadena, California 91101
Te 1:626 568 6400 Fax: 626 568 6324
1 800 566 LABS (1800 566 5227)

Laboratory
Report
#52565

AWWARF Perchlorate Project
(continued)

Prepared Analyzed

PS-10/IB03521
04/07/99

PS-11/IB03522
03/18/99

PS-12/IB03523
03/18/99

PS-13/IB03524
04/07/99

PS-14/IB03525

K 03/18/99

1-15/IB03526
03/18/99

PS-16/IB03527
03/18/99

PS-17/IB03528
04/07/99

PS-18/IB03529
03/18/99

PS-19/IB03530
03/18/99

QC Batch* Method Analyte

EXTRACT
94669 (

EXTRACT
93708 (

EXTRACT
93707 {

EXTRACT
94669 (

EXTRACT
93708 (

EXTRACT
93708 (

EXTRACT
9370S (

EXTRACT
94669 (

EXTRACT
93707 (

EXTRACT
93708 (

(990312332) Sampled on
MOD/EPA 300 ) Perchlorata

(990312333) Sampled on
KOD/EPA 300 ) Parchlorata

(990312334) Sampled on
KOD/EPA 300 ) Perchlorata

(990312335) Sampled on
MOD/EPA 300 ) Perchlorate

(990312336) Sampled on
KOD/EPA 300 ) Parchlorata

(990312337) Sampled on
MOD/EPA 300 ) Perchlorate

(990312338) Sampled on
MOD/EPA 200 ) Perchlorate

(990312339) Sampled on
KOD/EPA 300 } Parchlorata

(990312340) Sampled on
MOD/EPA 300 ) Perchlorate

(990312341) Sampled on
HOD/EPA 300 ) Perchlorate

Result

02/24/99
ND

02/24/99
880000

02/24/99
S3000

02/24/99
(87)

02/24/99
900000

02/24/99
610000

02/24/99
740000

02/24/99
220

02/24/99
75000

02/24/99
270000

Units MDL Dilution

ug/1 40 10

ug/1 40000 10000

ug/1 8000 2000

ug/1 20 5

ug/1 80000 20000

ug/1 40000 10000

ug/1 40000 10000

ug/1 20 5

ug/1 8000 2000

ug/1 80000 20000

Page



MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson Americas. Inc.
555 East Walnut Street
Pasadana, California 91101
Tal: 626 568 6400 Fax: 626 568 6324
1800 566 LABS (1800 566 5227)

Laboratory
Report
#52565

AWWARF Perchlorate Project
(continued)

Prepared Analyzed QC Batchtf Method Analyte Result Units MDL Dilution

PS-20/IB03531 EXTRACT (990312342) Sampled on
03/18/99 93708 { KOD/EPA 300 ) Parchlorata

PS-21/IB03532 EXTRACT (990312343) Sampled on
03/18/99 93708 { HOD/EPA 300 ) Parchlorata

PS-22/IB03533 EXTRACT (990312344) Sampled on
03/18/99 93707 < KOD/EPA 300 ) Perchlorata

PS-23/IB03534 EXTRACT (990312345) Sampled on
03/18/99 93707 ( KOD/EPA 300 ) Parchlorata

PS-24/IB03535 EXTRACT (990312346) Sampled on
03/18/99 93708 ( KOD/EPA 300 ) Parchlprata

1S-25/IB03536 EXTRACT (990312347) Sampled on
, 03/18/99 93708 ( KOD/EPA 300 ) Parchlorata

PS-26/IB03537 EXTRACT (990312348) Sampled on
03/18/99 93708 ( KOD/EPA 100 ) Parchlorata

PS-27/IB03538 EXTRACT (990312349) Sampled on
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata

PS-28/IB03539 EXTRACT (990312350) Sampled on
03/18/99 93708 ( MOD/EPA 300 ) Perchlorate

PS-29/IB03551 EXTRACT (990312351) Sampled on
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata

02/24/99
480000

02/24/99
290000

02/24/99
140000

02/24/99
34000

02/24/99
220000

02/24/99
400000

02/24/99
320000

02/24/99
S50000

02/24/99
220000

02/24/99
540000

ug/1 40000 10000

ug/1 40000 10000

ug/1 8000 2000

ug/1 8000 2000

ug/1 16000 4000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

ug/1 40000 10000

Page



MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson America*, Inc.
555 East Walnut Strait
Pasadana, California 91101
Tel: 626 568 6400 Fax: 626 568 6324
1 BOO 566 LABS (1800 566 5227)

Laboratory
Report
#52565

AWWARF Perchlorate Project
(continued)

Prepared Analyzed QC Batchtt Method Analyte Result Units MDI, Dilution

PS-30/IB03552 EXTRACT (990312352) Sampled on 02/24/99
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata 1400000 ug/1 160000 40000

PS-31/IB03553 EXTRACT (990312353) Sampled on 02/24/99
03/18/99 93708 ( MOD/EPA 300 ) Parchlorata 1300000

PS-32/IB03554 EXTRACT (990312354) Sampled on 02/24/99
03/18/99 93708 ( HOD/EPA 300 ) Parchlorata 610000

PS-33/IB03555 EXTRACT (990312355) Sampled on 02/24/99
03/18/99 9370B ( MOD/EPA 300 } Parchlarata 740000

PS-34/IB03793 EXTRACT (990312356) Sampled on 02/18/99« 03/18/99 93708 ( HOD/EPA 300 ) Parchlorato 2700000

ANK (990312357) Sampled on 02/24/99
03/18/99 93707 ( MOD/EPA 300 ) Perchlorata ND

LCS1 100 PPB (990312358) Sampled on 02/24/99
03/18/99 93707 ( MOD/EPA 300 ) Perchlorata 100

LCS2 100 PPB (990312359) Sampled on 02/24/99
03/18/99 93707 ( MOD/EPA 300 ) Perchlorata 99

ug/1 160000 40000

ug/1 40000 10000

ug/1 40000 10000

ug/1 800000 200000

ug/1 4.0

ug/1 8.0 2

ug/1 8.0 2
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Report:
MONTGOMERY WATSON LABORATORIES Comments
a Division of Montgomery Watson America:. Inc.
555 East Walnut Street #52565
Pasadena, California 91101
Te 1:626 568 6400 Fax: 626 568 6324
1800 566 LABS (1800 566 5227)

(990312332)
CLO4

This sample was pre-treated prior to the analysis.

(990312335)
CLO4

This sample was pre-treated prior to the analysis. The
reported result is reported as an estimate due to reclining
base line. If diluted or pre-treated more sample would
possibly come out with ND with a higher reporting limit.

(990312339)
CLO4

This sample was pretreated prior to the analysis.
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MONTGOMERY WATSON LABORATORIES
a Division of Montgomery Watson Americas, Inc.
555 East Walnut Street
Pasadena, California 91101
Tel: 626 S68 6400 Fax: 626568 6324
1 800 566 LABS (1 800 566 5227)

Laboratory
QC Report

#52565

AWWARF Perchlorate Project

QC Batch #93707 Perchlorate

QC
LCS1
LCS2
HBLX

Analyte
Perchlorate
Perchlorate
Perchlorata

Spiked Recovered Yiald (\1

20.0 19.5 97.5

20.0 21.7 108.5

ND

Limits (\) RPD (%)

( 90.00 - 110.00 )

( 90.00 - 110.00 ) 11

QC Batch #93708 Perchlorate

QC
LCS1

LCS2

MBLK

Analyta
Perchlorate

Perchlorate
Perchlorate

Spllcod Recovered Yield (%)
20.0 19 95.0
20.0 19.6 98.0

ND

Limits Ck) RPD
( 90.00 - 110.00 )

( 90.00 - 110.00 ) 3.1

QC Batch #94668 Perchlorate

QC
LCS1

LCS2

MBLK

Analyte
Perchlorate

Perchlorata

Parchlorata

Spiked Racovarad Yiald (\)
20.0 19.8 99.0
20.0 20.1 100.5

ND

Limits (*) RPD

( 90.00 - 110.00 )

( 90.00 - 110.00 ) 1.5

QC Batch #94669 Perchlorate

QC
LCS1

LCS2

HBLK

AnalytB

Parchlorata
Parchlorata
Perchlorata

Spiked Racovarad Yield
50.0 46.2 92.4
100 102 102.0

ND

Limits (%)
( 90.00 - 110.00 )
( 90.00 - 110.00 )

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining-.
Criteria for MS and DOT are advisory only and not applicable for ICR monitoring.
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THIOKOL CORPORATION
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CERTIFICATE OF ANALYSIS
Listing of sample Information and Testing Rsqinested

Monday, March 29,1999

TESTED FOR Thiokol: DLV
Environmental Monitoring
M/S 301
Thiokol Corp, UT 84322

Paul Hancock
Project: Misc. Environmental Testing

ANALYZED BY Thiokol Environmental Laboratory
Thiokol Corporation
P.O. Box 707 M/S 245
Brigham City, UT 84302-0707
801-863-3732
800-863-8080

Login Number L2200
Lab No Client Number

Test Requested

L2200-1 PS-01/ 1BO3512
SOP 302

I L2200-2 PS-02/IB03513
SOP 302

L2200-3 PS-03/ IBO3514
SOP 302

I L2200-4 PS-04/IBO3515
SOP 302

I L2200-5 PS-05/ IBO3516
SOP 302

I L2200-6 PS-06/IBO3517
SOP 302

I L2200-7 PS-07/IBO3518
SOP 302

I L2200-8 PS-08/IBO3519
SOP 302

I L2200-9 PS-09/ IBO3520
SOP 302

I L2200-10 PS-10/IBO3521
SOP 361

I L2200-1 1 PS-11/1 BO3522
SOP 302

1 L2200-1 2 PS-12/ IBO3523
SOP 302

I L2200-13 PS-13/IB03524
SOP 361

I L2200-14 PS-14/IBO3525
SOP 302

I L2200-15 PS-15/IBO3526
SOP 302

I L2200-1 6 PS-1 6/ IBO3527
SOP 302

I L2200-17 PS-17/IBO3528
SOP 361

1 L2200-1 8 PS-1 8/ IBO3529
SOP 302

I L2200-1 9 PS-1 9/ IBO3530
SOP 302

I L2200-20 PS-20/ IBO3531
SOP 302

I L2200-21 PS-21 /IBO3532

Description

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Received

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

CollectDate/Time
Matrix

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

|

I

I

I

I
SOP 302 Perchlorate - Ion Chromatography Water
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1 L2200-22 PS-221 IBO3533
SOP 302

1 L2200-23 PS-23/ IBO3534
SOP 302

1 L2200-24 PS-24/ IBO3535
SOP 302

1 L2200-25 PS-25/ IBO3536
SOP 302

1 L2200-26 PS-26/ IBO3537
SOP 302

1 L2200-27 PS-27/ IBO3538
SOP 302

1 L2200-28 PS-28/ IBO3539
SOP 302

1 L2200-29 PS-29/ IBO3551
SOP 302

I L2200-30 PS-30/ IBO3552
SOP 302

I L2200-31 PS-31 /IBO3553

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

Perchlorate - Ion Chromatography

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

03/15/99

02/24/9900:00 I
Water

02/24/99 00:00 I
Water

02/24/99 00:00 I
Water

02/24/99 00:00 I
Water

02/24/99 00:00
Water

02/24/99 00:00 I
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
Water

02/24/99 00:00
SOP 302 Perchlorate - Ion Chromatography Water

I L2200-32 PS-32/ IBO3554 03/15/99 02/24/99 00:00
SOP 302 Perchlorate - Ion Chromatography Water

I L2200-33 PS-33/ IBO3555 03/15/99 02/24/99 00:00
SOP 302 Perchlorate - Ion Chromatography Water

I L2200-34 PS-34/ IBO3793 03/15/99 02/18/9900:00
SOP 302 Perchlorate - Ion Chromatography Water

I L2200-35 BLANK 03/15/99
SOP 361 Perchlorate - Ion Chromatography Water

I L2200-36 LCS1 100PPB 03/15/99
SOP 361 Perchlorate - Ion Chromatography Water

I L2200-37 LCS2 10OPPB 03/15/99
SOP 361 Perchlorate - Ion Chromatography Water

Comments:
PS-10, PS-13, PS-17, PS-35, PS-36, and PS-37: These samples were analyzed using a more sensitive
method. Their results ere reported in Micrograms/Liter rather than Milligrams/Liter.
PS-10, PS-13, and PS-17: These samples were diluted to remove interfering matrix effects.
PS-36 and PS-37: These samples were diluted to bring their value within the calibration range of the
method used.

Certified By ________ _______________________________
Janrtes M. Anderson, QC Officer Date

This certifies that the following samples were analyzed using good laboratory practices to show the following results:
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Listing of Results by Sample

| Sample ID: PS-01/ IBO3512

Test Parameter
PERCHLORATE

| Sample ID: PS-02/IBO3513

Test Parameter
PERCHLORATE

| Sample ID: PS-03/1BO3514

Test Parameter
PERCHLORATE

| Sample ID: PS-04/ IBO3515

Test Parameter
PERCHLORATE

| Sample ID: PS-05/ IBO3516

Test Parameter
PERCHLORATE

| Sample ID: PS-06/ IBO3517

Test Parameter
PERCHLORATE

| Sample ID: PS-07/ IBO351 8

Test Parameter
PERCHLORATE

j Sample ID: PS-08/ 1BO3519

Test Parameter
PERCHLORATE

| Sample ID: PS-09/ IBO3520

Test Parameter
PERCHLORATE

| Sample ID: PS-1 01 IBO3521

Test Parameter
PERCHLORATE

| Sample ID: PS-11/ IBO3522

Test Parameter
PERCHLORATE

IsamplelD: PS-12/ IBO3523

Test Parameter
PERCHLORATE

Result
471

Result
324

Result
886

Result
766

Result
636

Result
309

Result
492

Result
101

Result
438

Result
U

Result
829

Result
58

Units
mg/l

Units
mg/l

Units
mg/l

Units
mg/I

Units
mg/l

Units
mg/l

Units
mg/I

Units
mg/l

Units
mg/l

Units
ug/1

Units
mg/l

Units
mg/I

Lab ID: L2200-1 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9916:01

Lab ID: L2200-2 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9916:15

Lab ID: L2200-3 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9916:29

Lab ID: L2200-4 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9916:43

Lab ID: L2200-5 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9916:57

Lab ID: L2200-6 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9917:11

Lab ID: L2200-7 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9917:25

Lab ID: L2200-8 Collect Date: 02/24/9900:00 j

Dil.
MDL EQL Factor Method Analyst Test Date

3 15 20 SOP 302 CWS 03/19/9918:21

Lab ID: L2200-9 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9918:35

Lab ID: L2200-10 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

300 1000 100 SOP 361 CWS 03/26/9914:23

LablD:L2200-11 Collect Date: 02/24/9900:00 |

Dil.
MEL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9919:03

Lab ID: L2200-12 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

3 15 20 SOP 302 CWS 03/19/9919:17
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] Sample ID: PS-1 3/ IBO3524

Test Parameter
PERCHLORATE

| Sample ID: PS-14/ IBO3525

Test Parameter
PERCHLORATE

| Sample ID: PS-15/ IBO3526

Test Parameter
PERCHLORATE

| Sample ID: PS-16/ IBO3527

Test Parameter
PERCHLORATE

| Sample ID: PS-17/ IBO3528

Test Parameter
PERCHLORATE

J Sample ID: PS-1 8/ IBO3529

Test Parameter
PERCHLORATE

| Sample ID: PS-1 9/ IBO3530

Test Parameter
PERCHLORATE

| Sample ID: PS-20/ IBO3531

Test Parameter
PERCHLORATE

| Sample ID: PS-21/ IBO3532

Test Parameter
PERCHLORATE

| Sample ID: PS-22/ IB O3533

Test Parameter
PERCHLORATE

| Sample ID: PS-23/ IBO3534

Test Parameter
PERCHLORATE

| Sample ID: PS-24/ IBO3535

Test Parameter
PERCHLORATE

| Sample ID: PS-25/ IBO3536

Test Parameter
PERCHLORATE

Result
962

Result
992

Result
608

Result
721

Result
U

Result
69

Result
266

Result
556

Result
300

Result
153

Result
43

Result
248

Resujt
431

Units
ug/I

Units
mg/l

Units
mg/l

Units
mg/l

Units
ug/l

Units
mg/I

Units
mg/l

Units
mg/l

Units
mg/l

Units
mg/l

Units
mg/l

Units
mg/l

Units
mg/l

Lab ID: L2200-13 Collect Date: 02/24/9900:00 f

Oil.
MDL EQL Factor Method Analyst Test Date

300 1000 100 SOP 361 CWS 03/26/9915:05

LablD:L2200-14 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9919:45

LablD:L2200-15 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9919:59

LablD:L2200-16 Collect Date: 02/24/9900:00 J

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9920:13

LablD:L2200-17 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

300 1000 100 SOP 361 CWS 03/26/9915:46

LablD:L2200-18 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

3 15 20 SOP 302 CWS 03/19/9921:22

LablD:L2200-19 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9921:36

Lab ID: L2200-20 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9921:50

Lab ID: L2200-21 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9922:04

Lab ID: L2200-22 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

3 15 20 SOP 302 CWS 03/19/9922:18

Lab ID: L2200-23 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

3 15 20 SOP 302 CWS 03/19/9922:32

Lab ID: L2200-24 Collect Date: 02/24/9900:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 75 100 SOP 302 CWS 03/19/9922:46

Lab ID: L2200-25 Collect Date: 02/24/99 00:00 |

Dil.
MDL EQL Factor Method Analyst Test Date

15 ,J5 100 SOP 302 CWS 03/19/9923:00
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(sample ID: PS-26/ IBO3537

Test Parameter
PERCHLORATE

| Sample ID: PS-27/ IBO3538

Test Parameter
PERCHLORATE

| Sample ID: PS-28/ IBO3539

Test Parameter
PERCHLORATE

| Sample ID: PS-29/ IBO3551

Test Parameter
PERCHLORATE

I Sample ID: PS-30/ IBO3552

Test Parameter
PERCHLORATE

| Sample ID: PS-31 /IBO3553

Test Parameter
PERCHLORATE

| Sample ID: PS-32/ IBO3554

Test Parameter
PERCHLORATE

| Sample ID: PS-33/ IBO3555

Test Parameter
PERCHLORATE

| Sample ID: PS-34/ IBO3793

Test Parameter
PERCHLORATE

| Sample ID: BLANK

Test Parameter
PERCHLORATE

| Sample ID: LCS1 100PPB

Test Parameter
PERCHLORATE

| Sample ID: LCS2100PPB

Test Parameter
PERCHLORATE

Result
316

Result
645

Result
249

Result
542

Result
1640

Result
1510

Result
656

Result
787

Result
3090

Result
U

Result
94

Units
mg/1

Units
mg/l

Units
mg/1

Units
mg/1

Units
mg/1

Units
mg/1

Units
mg/I

Units
mg/I

Units
mg/1

Units
ug/l

Units
ug/l

Lab ID: L2200-26

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-27

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-28

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-29

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-30

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-31

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-32

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-33

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-34

Dil.
MDL EQL Factor

15 75 100

Lab ID: L2200-35

Dil.
MDL EQL Factor

3 10 1

Lab ID: L2200-36

Dil.
MDL EQL Factor

6 20 2

Collect Date: 02/24/9900:00 {

Method Analyst Test Date
SOP 302 CWS 03/19/9923:14

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/9912:10

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/9912:24

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/99 12:38

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/9912:52

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/9901:06

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/99 02:02

Collect Date: 02/24/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/99 02:16

Collect Date: 02/18/9900:00 |

Method Analyst Test Date
SOP 302 CWS 03/20/99 02:30

Collect Date: |

Method Analyst Test Date
SOP 361 CWS 03G6/99 16:42

Collect Date: |

Method Analyst Test Date
SOP 361 CWS 03/26/9916:56

Lab ID: L2200-37 Collect Date: |

Result
97

Units
ug/l

Dil.
MDL EQL Factor

6 20 2
Method Analyst Test Date

SOP 361 CWS 03/26/9917:10
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Data Reporting Qualifiers
U Indicates compound was analyzed for and was not detected, or the compound was detected but was

below the MDL.

B Gas Chromatography and Mass Spectral Data Flag. This flag is used when an analyte is found in
the blank as well as the sample

J Gas Chromatography and Mass Spectral Data Flag. Indicates an estimated value. This flag is used
either when estimating a concentration for tentatively identified compounds or when the data
indicated the presence of a compound that meets the identification criteria but the result is less than
the EQL (e.g. 3 J with an EQL of 10)

MDL Method Detection Limit: The minimum concentration of a substance that can be confidently
measured and reported. The laboratory has demonstrated that the MDL can be achieved in
a laboratory reagent blank, but does not guarentee it can be achieved in all sample matrices.
The MDL is approximately three times the signal noise level.

EQL Estimated Quantitation Limit: The EQL generally is 5 to 10 times the MDL. For many
analytes the EQL is selected as the value of the lowest standard in the calibration curve.

Oil. Factor Dilution Factor: The prepared smple was diluted by this factor because the sample was
too concentrated or due to other interferences in the sample matrix. Any dilution factor
causes an appropriate increase in the MDL and EQL.
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r Analytical
»,MiM,C*MMI (Mt) 211-1022

1014 £. Cooli* Df., Sulll A, Co»otl, CA tiM (KI) 370-<887
U!JSSh,,m.nW.r.Sul1.C-1l,Vll,Nur.,CA»1«04 (IH)r7t-1M4 FAX (111) Ht-tMl

ittS W 12tti SI, SuN. t, ttaift. AZ tUtl («02) KM272 FAX (102) tM-tlll
l(«1l)tOS-KM FAXtltt)MM*M

To: Tlro l̂ ?<DPu\t>iofi 6)fouP
CHAIN OF CUSTODY FORM

14711

I --]£-
Client Name/Address:

"TP-C.

Project Manager:

SooU
Sampler:

Sample
Description

Sample
Matrix

Container
Type

Project/PO Number:

LodLheed
Phone Number:

Fax Number:

#of
Cont.

Sampling
Daten"ime

Preservatives

o

i

Analysis Required

Special Instructions

PS-01 1
£$-021/3605513

PS-0&

Z&0352&

J J/
Date/Time:

8/0/4
Deceived by Date /Time:

elinquished By: Date /Time: Date /Time:

Turnaround Time:
same day ______
24 hours ___
48 hours

(Check)
72 hours

5 days
normal

Dateffime: ReceivedJn Date /Time: Sample Integrity: (Check)
intact on ice

Note: By relinquishing samples to Del Mar Analytical clierit agrees to pay for the setofc_i requestedortjmis chain of custody form and any additional analyses performed on this project. Payment for services is
due within SfJdays from the date of invoice. Sample(s) will be disposed of after 30 d?ys.



2«52 Alton AM., Inliw. CA I2KM (Ml) 211-1022 FAX (Ml) 2IM22I
10H E. Coolly Or., SulU A, Cotton, CA 12)24 |Kt) JMMKf FAX (Kl) 370-1 Ml

I IIS2J SMrmin Wiy, Sullt C-tl. V.n Nuyi. CA 11401 (111) J7MM4 FAX (111) 77MMJ
' 246$ W 1 Jlh St., SuH41, Txnpi, AZIJ2II (401) ICM2n FAX (102) KI-1MI
1414 Ch.«p«.k. Dl., Sollt MS. Sin bUgo. CA 12123 (111) SOS-MM FAX (111) SOg-KM CHAIN OF CUSTODY FORM Page yC — - ol

Note: By felfnquisning samp^s to Del Mar Analytical, client agrees to pay for the services requested on thitfchain of custody form arid any additional analyses performed on this project. Payment for services is
due within 3(fdays from the date of invoice. Sample(s) will be disposed of after 30 days.



f DeWdrAnalytical TUU
2IS2AH<mAra,lr>lM,CAlnO( (Ml) MI-1022 FAJ((W») HI-1 tit

1014 E. Coolly Dr, S«H4 A, Cotton. CA IJ124 (Ml) J70-4M7 FAX (Ml) 370-1M4
| 1153! Shtrmin Way. Sutlt C-11. Van N*y«. CA 11404 (111) m-1M4 FAX (111) T7HM1
I S4S!W12ltiSl..Sun. 1,T«mp«.M«JJ«1 tM2)M*-U72 FAX (Ml) H4-1J31

MM Clwupwlu Dr., SuM KS, San Dtago, CA Mm (111) SOS-ttM FAX (111) 90M«H

16:
CHAIN OF CUSTODY FORM Pa9e 3_ 0»

Client Name/Address:

roject Manager:

Sampler:

Sample
Description

Sample
Matrix

Container
Type

ProjecUPO Number:

Phone Number:

Fax Number:

*of
Cont.

Sampling
Datemme

Preservatives

Analysis Required

Special Instructions

1 X66335 1 u£
A

M/Tupg/!g

LCSl lOOppb

elinquished By:

elinquished By:

Date /Time

Date /Time1'

Received by: Date /Time: Turnaround Time:
same day _____

24 hours ___
48 hours

(Check)
72 hours

5 days

normal
Date /Time: Sample Integrity: (Check)

intact on ice
Note: By relinquishing sarrrales to Del Mar Analytical, client agrees to pay for the services requestedI on jMsTchain of custody form and any additional analyses performed on this project. Paym&ui i
due within 3Odays from th/date of Invoice. Sample(s) will be disposed of after 30 days.
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Perchlorate Sequence 041499a
Method eg401.0ml35mmoh-tds-ap

lOOOuL

Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std
Std

Cone
(ppb)
5.0
5.0 .
5.0
5.0
5.0
5.0
5.0
5.0
10.0
10.0
10.0
25.0
25.0
50.0
100.0
100.0
200.0
500.0
500.0
500.0

Area
10688
9151
9143
9556
9935
9874
9835
9635

16415
16712
17609
47817
46827

100957
217589
208748
444062

1046409
1055535
1055124

RT
17.25
17.32
17.32
17.38
17.17
17.17
17.17
17.17
17.40
17.28
17.17
17.32
17.38
17.25
17.20
17.43
17.10
17.03
17.03
16.97

MDL Calculations

concentration (ppb) 5
Average 9727
Standard Deviation 462
%CV 5%
Student t-test (df = 7) 2.998

MDL (ppb) 0.71
LRL(ppb) 2.1
URL (ppb) 500



Fertilizer Extracts

Samples
ug/L
LCS1
LCS2
psl, 5000
ps2, 2500
ps3, 10000
is4,5000
isS, 5000
>s5, 5000, sp25ppb

ps6,SOOO
>s6, 5000, dup

ps7, 5000
ps8,5000
ps9, 5000
islO, Undiluted
>sll,5000

ps!2,500
ps!3, Undiluted
ps!4, 5000
pslS, 5000
>s!5, 5000, splSppb
ps!6, 5000
)s!6, 5000, dup
JS17, Undiluted
pslS, 500
ps!9, 5000
ps20,5000
ps21, 5000
ps22, 1000
ps23, 1000
ps24, 5000
ps25, 5000
ps25, 5000, sp25ppb
ps26, 5000
ps26, 5000, dup
ps27, 5000
ps28, 5000
ps29, 5000
ps30, 10000
ps31, 10000
ps32, 5000
ps33, 5000
ps34, 25000

RT
13.3
13.3
17.1
17.1
17.2
17.3
17.4
17.4
17.4
17.5
17.4
17.4
17.4
13.2
17.5
17.5
13.2
17.5
17.5
17.1
17.6
17.1
17.6
17.5
17.4
17.3
17.1
17.1
17.1
1.7.1
17.1
17.0
17.1
17.0
17.1
17.1
17.1
17.1
17.0
17.0
17.0
17.0

Area
Count

208776
206792
201810
259763
162037
291546
291128
339967
132036
126539
184404

33911
170872

Y=

Diluted
Cone,
(ppb)
98.93
97.99
95.63

123.09
76.78

138.15
137.96
161.10
62.57
59.96
87.38
16.07
80.97

Interference Interference
298312
221964

141.36
105.18

Interference Interference
291032
197232
251038
261414
263542

137.91
93.46

118.96
123.88
124.88

Interference Interference
381612

86661
299576
100300
420941
108413
106784
157284
210290
1 19622
117618
263617
132305
193132
288029
247936
247408
303946
220549

180.83
41.07

141.96
47.53

199.47
51.37
50.60
74.53
99.65
56.68
55.74

124.92
62.69
91.52

136.49
1 17.49
1 17.24
144.03
104.51

2110.3 X
Adjusted Adjusted Adjusted

For Dilution 25 ppb For Dilution ror Dilution
Dilution

Factor
1
1

5000
2500

10000
5000
5000
5000
5000
5000
5000
5000
5000

1
5000
500

1
5000
5000
5000
5000
5000
5000
500

5000
5000
5000
1000
1000
5000
5000
5000
5000
5000
5000
5000
5000

10000
10000
5000
5000

25000

mg/L Spike Duplicate
(ppm) Recovery % Recovery
0.099
0.098
478.2
307.7
767.8
690.8
689.8
712.9 93%
312.8
299.8 96%
436.9

80.3
404.9

Interference
706.8

52.6
Interference

689.6
467.3
492.8 102%
619.4
624.4 101%

Interference
90.4

205.3
709.8
237.6
199.5
51.4

253.0
372.7
397.8 100%
283.4
278.7 98%
624.6
313.5
457.6

1364.9
1174.9
586.2
720.1

2612.8

LRL/D URL/D
(ppm) (ppm)

0.002
0.002

11
5

21
11
11
11
11
11
11
11
11
0

11
1
0

11
11
11
11
11
11

1
11
11
11
2
2

11
11
11
11
11
11
11
11
21
21
11
11
53

0.5
0.5

2500
1250
5000
2500
2500
2500
2500
2500
2500
2500
2500

1
2500

250
1

2500
2500
2500
2500
2500
2500
250

2500
2500
2500
500
500

2500
2500
2500
2500
2500
2500
2500
2500
5000
5000
2500
2500

12500



fertilizers
Calculated based on adding 1 g of fertilizer sample to 10 mL of water

Extract
Concentration

Samples
ug/L

psl, 5000
ps2, 2500

ps3, 10000
ps4, 5000
psS, 5000
ps6, 5000
ps7,5000
ps8, 5000
ps9, 5000

pslO, Undiluted
psl 1,5000
ps!2, 500

ps!3, Undiluted
ps!4, 5000
pslS, 5000
ps!6, 5000

ps!7, Undiluted
pslS, 500

ps!9, 5000
ps20, 5000
ps21, 5000
ps22, 1000
ps23, 1000
ps24, 5000
ps25, 5000
ps26, 5000
ps27, 5000
ps28, 5000
ps29, 5000

ps30, 10000
ps31, 10000
ps32, 5000
ps33, 5000

ps34, 25000

mg/L
(ppm)
478.2
307.7
767.8
690.8
689.8
312.8
436.9

80.3
404.9

ND
706.8

52.6
ND

689.6
467.3
619.4

ND
90.4

205.3
709.8
237.6
199.5
51.4

' 253.0
372.7
283.4
624.6
313.5
457.6

1364.9
1174.9
586.2
720.1

2612.8

Extract Amount
Volume C1O4-

(L) (mg)
0.01 4.782
0.01 3.077
0.01 7.678
0.01 6.908
0.01 6.898
0.01 3.128
0.01 4.369
0.01 0.803
0.01 4.049
0.01 Interference
0.01 7.068
0.01 0.526
0.01 Interference
0.01 6.896
0.01 4.673
0.01 6.194
0.01 Interference
0.01 0.904
0.01 2.053
0.0 1 7.098
0.01 2.376
0.01 1.995
0.01 0.514
0.01 2.530
0.01 3.727
0.01 2.834
0.01 6.246
0.01 3.135
0.01 4.576
0.01 13.649
0.01 11.749
0.01 5.862
0.01 7.201
0.01 26.128

Amount
Fertilizer

(kg)
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0,001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Cone.
(g/kg) Wt/Wt%

(ppt)
4.78 0.48%
3.08 0.31%
7.68 0.77%
6.91 0.69%
6.90 0.69%
3.13 0.31%
4.37 0.44%
0.80 0.08%
4.05 0.40%

Interference Interference
7.07 0.71%
0.53 0.05%

Interference Interference
6.90 0.69%
4.67 0.47%
6.19 0.62%

Interference Interference
0.90 0.09%
2.05 0.21%
7.10 0.71%
2.38 0.24%
1.99 0.20%
0.51 0.05%
2.53 0.25%
3.73 0.37%
2.83 0.28%
6.25 0.62%
3.13 0.31%
4.58 0.46%

13.65 1.36%
11.75 1.17%
5.86 0.59%
7.20 0.72%

26.13 2.61%
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
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APPENDIX A.8

CHEMICAL TESTING SERVICE (PERCHLORATE TITRATION RESULTS)



CTS
CHEMICAL TESTING SERVICE

23441 GOLDEN SPRINGS
DIAMOND BAR, CA 91765

909-860-4100

Richard Scott April 18, 1999
TRC Environmental Solutions Inc
21 Technology Drive
Irvine, CA 92618

LABORATORY REPORT
PERCHLORATE TITRATION RESULTS

Please find attached Tables 1 which summarizes the the
results of the Triphenylstilbonium tritration for the
perchlorate ion. Table 2 provides a summary of the ion-
selective electrode analyses of the fertilizer samples
conducted during the sample extraction process. A summary
of the methods of analysis used in the studies is provided
below. These methods are not state approved laboratory
methods, and have been conducted to provide additional
information on potential perchlorate interferences during
lon-Chromatograpy, and as a confirmatory analysis of lon-
chromatography results

EXTRACTION METHODOLOGY

A 10 gram sample of the extract was diluted into 50 ml of
distilled water and adsorbed onto 25 grams of Dowex 1
resin (Boyd, 1968) The column was eluted with 100 ml of
potassium bicarbonate solution (0.01 M) to remove nitrates,
chloride, chlorite and chlorate ions. The wash solutions
were monitored using a perchlorate selective electrode
(Orion,Model 938101), to determine if a portion of the
perchlorate eluted in the rinse. The extraction column was
then rinsed with 75 mis of sodium fluoroborate solution
(0.05 M ) and the rinsed collected. The column was then
rinsed with an additional 25 ml of sodium fluoroborate
solution which was added to the previous eluate. The sodium
fluoroborate solution was then analyzed using the perchlorate
selective electrode. To determine the efficiency of the
extraction process, various control samples and duplicate
samples were also extracted and analyzed.



ANALYTICAL METHODOLOGY

The extracts produced above were analyzed using the
Triphenylstilbonium titration method (Morris, 1965).
A 10 ml aliquot of the extract was titrated with 0.01 M
Triphenylstilbonium solution using bromocresol green as an
indicator, in conjunction with the perchlorate selective
electrode. The endpoint of the titration was clearly
visible, with the bromocresol green color disappearing,
producing a clear solution. At this endpoint, the
perchlorate selective ion indicated no detectable perchlorate
concentration.

REFERENCES

Boyd, G.E., Larson, Q.V., Journal American Chemical Society,
(90), 5092, 1968.

Morris, M.D., Analytical Chemistry, (37), 977, 1965.

Note; The attached results should be considered as estimated
quantities only, since this method has not been evaluated or
approved by the California Department of Health Services.



TABLE 1
PERCHLORATE TITRATION RESULTS

SAMPLE ID. TEST PARAMETER RESULT UNITS MDL DILUTION ANALYST TEST DATE

3512
3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527
3528
3529
3530
3531
3532
3533
3534
3535
3536
3537
3538
3539
3551
3552
3553
3554
3555
3793

TRC-01
TRC-02
TRC-03
TRC-04
TRC-05

BLANK
LCS-01
LCS-02
TRC-06
TRC-07
TRC-08
TRC-09
TRC-10
TRC-1 1

CLO4-TITRAT1ON
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CL04-TITRATION
CL04-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CLO4-TITRATION
CL04-TITRATION
CLO4-TITRATION

590
295

<50
680
715
340
544
125
520

<50
1060

75
1080
1035
614
698

<50
74

310
625
340
170
55

285
525
355
630
280
580

1560
1680
820
825

3280
970

<50
<50
<50
<50
<50

90
105
475
820
630

<50
155
320

mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
c
c*J
5
c\J
5
5
5
5

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99



TABLE 2
PERCHLORATE ION-SELECTIVE ELECTRODE RESULTS

SAMPLE ID. TEST PARAMETER RESULT UNITS MDL DILUTION ANALYST TEST DATE

3512
3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527
3528
3529
3530
3531
3532
3533
3534
3535
3536
3537
3538
3539
3551
3552
3553
3554
3555
3793

BLANK
LCS-01
LCS-02
TRC-01
TRC-02
TRC-03
TRC-04
TRC-05
TRC-06
TRC-07
TRC-08
TRC-09
TRC-10
TRC-1 1

CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CL04-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CL04-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-1ON
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CL04-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION
CLO4-SEL-ION

450
345

<100
820
650
280
620
175
440

<100
880

<100
1240
1120
675
640

<100
110
280
670
400
155

<100
345
440
350
660
330
525

1880
1755
910
775

3450
<100
<100
<100

970
<100
<100
<100
<100

535
880
675

<100
105
415

mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.
mg/l.

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/6/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/7/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/8/99
4/9/99
4/9/99
4/8/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
4/9/99
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DETERMINATION OF PERCHLORATE
BY ION-CHROMATOGRAPHY
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Stole of California
v Department of Health Services

Sanitation & Radiation
Laboratories Branch

METHOD STATUS: APPROVED FOR ROUTINE USE METHOD REVISION NO. : O

Public Health Chemi
X*

O ••

Environmental Biochemist

SRia Northern Section Chief SRLBJSranch ChiefILB^fan

DETERMINATION OF PERCHLORATE
BY ION CHROMATOGRAPHY

Scoe

1.1 This method covers the determination of the perchlorate anion by ion
chfomatography. *•

The applicable matrices are shown below.

1.2.1 Drinking water, groundwater and reagent waters: This method has been
found to perform adequately on water samples wfth conducfh/Hies up to
1000 utnhos/cm. Water samples with conductivities >1000 (jmhos/cm have
not been tested. ...

* * "

1.2J2 Although not specifically tested, this method is potenfiaQy applicable to
surface water, mixed domestic water, and industrial wastewaters. See also
Sect 1.7. . . . . . .

The Method Detection Unit (MDL defined in Sett. 3.10) and Reporting Limit (RU
defined in Sect 3.12) for perchlorate in reagent water Is 0.7 ug/L (pooled data) and
4.0 vig/L, respectively. See Table 1. The MDL and RLfor a specific matrix may
differ from that listed, depending upon the nature of the sample.

TheGnearcalibrafion,ran3dforperchIcirateis3pproidmate(y2.Sta500^g/L. Sample
concentrations higher than the dipper calibration limit Sttoutd be diluted with reagent
water to a concentration within the caEbrsgori range and reanalyzed

Rgure 1 shows the chromatograms for 4 uaft. of petchiorate added to reagent wafer
and a groundwater sample,

1.6 This method is recommended for use by analysts experienced in the use of ton
chromatngraphy and in tha interpretation of the resulting ton chromatograms.

1.3

1.4

1 .5

1.7

1.8

When this method is used to analyze unfamiliar samples, perchlorate identification
should be supported by ihe use of a fortified sample matrix. The fortification
procedure is described in Sect 11.S.

Users of the method data should state the data-quality objectives prior to analysis-
Users of the method must demonstrate the abifrty to generate acceptable results with
this method,- using the procedures described in Sect 9.

! • • « . » 11.H ll'ld .•

Determination of Perchlorate
by fon Chromatography; Rev. No. O 1of14
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State of California • Sanitation & Radiation
. Department of Health Services Laboratories Branch

1.9 DISCLAIMER Mention of trade names or commercial products does not constitute
endorsement or recommendation for use. Equivalent product substitutions may be
made by laboratories using this method as a reference.

2. Summary of. Method
2.1 A fixed volume of sample is injected into an ion chromatographic system, where the

perchlorate anion is separated from other interfering snfcwts and quantified.

2.2 To detect perchlorate in the tow ppb (ug/L) range without sample preconcentration, a
high volume sample loop is used.

23 To minimize hydrophobtc interaction of the perchlorate anion with the anion
exchange support resin, p-cyanophenol ts added to the ehient to deactivate the
active sites on the resin. Without column deacfivation. the perchiorate peak ekftes
Awith a longer retention time, is broader Ctsocratic eiution), and tails severely, thus
resulting in poor peak detection as the perchlorate sample concentration decreases,

3. Definitions
3.1 . CALI0RATIOM BLANK (CB)-A.volume of reagent water fortified with the same

matrix as the calibration standards, but without the analytes, internal standards, or
surrogate analytes.

: •

ZJZ CALIBRATION STANDARD (GAL) - A solution prepared from the primary dilution
standard solution or stock standard solutions and the internal standards and
surrogate anafytes. The GAL solutions are used to calibrate fhe instrument response
with respect to anafyte concentration.

3.3 FIELD DUPLICATES (FD) - Two separate samples collected at the same time and
location under identical circumstances and treated exactly the same throughout field
and laboratory procedures. Analyses of field dupDcates indicate the precision
associated with sample collection, preservation and storage, as v*eU as with
laboratory procedures.

3.4 INSTRUMENT PERFORMANCE CHECK SOLUTION (l^C) - A solution of one or
more method analytes. surrogates, internal standards, or other test substances used
to evaluate the performance of the instfument system with respect to a defined set of
<&•£*«*.*!**criteria.

3.5 LABORATORY FORTIFIED BLANK (LFB) - An aliquot of reagent water or other
blank, matrices to which known Quantifies of the method analytes are added in the
laboratory. The LFB Is analyzed exactly Hke a sample, and Hs purpose is to
determine whether the method is in control, and whether the laboratory is capable of
making accurate and precise measurements.

3.6 LABORATORY FORTIFIED SAMPLE MATRIX (LFM)- An aliquot Of an
environmental sample to which known quantifies of the method analytes are added
in the laboratory. The LFM is analyzed exactly Bee a sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results. The
background concentrations of the anafytes in the sample matrix must be determined
in a separate afiquot and the measured values in the .LFM corrected for background
concentrations.

Determination of Perchlorate 3»1997

bylonChromatography; Rev. No. 0 2 of 14 CLO4MeTH.SRL



Sanitation & Radiation
State of California • • Laboratories Branch
Department of Health Services

-tsorfl.e

apparatus.

3.8 UlX&fUX V*V T!H»**» w * » —— -. - - -

Instrument response is linear.
3.9 MATERIAL SAFETY DATA SHEET (MSDS) - Written information provided by

vendors concerning a chemical's toxicity. health hazards, physical properties, fire,
and reactivity data .including storage, spat, and handling precautions.

3.10 METHOD DETECTION UMlT (MDL) - The minimum concentration of an anatyte that
can be identified, measured and reported with 99% confidence that the analyte
concentration is greaterthan zero. (See Ref, 16.3.)

3.11 QUALITY CONTROL SAMPLE (003) - A solution of method anafyte(s) of known
concentration^) (hat is used to fortify an aliquot of LRB or sample matrix. The QCS
is obtained from a source external to the laboratory and different from the source of
calibration standards. It is used to check laboratory performance with externally
prepared test materials.

3.12 REPORTING LIMIT (RL) - The reporting limit used in this method^ is defined as the
minimum quantifiable concentration level at which a sample concentration result may
be reported and is equal to five times the MDL.

4.
4.1

'render

Interferences can be caused by substances with retention times that are slmflarta
and overlap the anion of Interest High concentrations of an anion can interfere with
the peak resolution of an adjacent anion. Sample dSution and/or fortification can be

. used to solve most interference problems associated with retention times.
«. ;

4.2 The Targe water djp or.negalSve peak is due to the'large aliquot of sample injected
onto the column. However, the perchlorate anion is retained for a sufficient length of
time in the column" and* etutes free of thferference frbnftne water dip.

4.3 Due to the strength of the elueoL the majority of the anions in a water sampfe will
elute soon after the water dtp. Because of the large sample volume injected, the
detector response from these anions may be very high, depending on the amount of

• dissolved soEds present in the sample. WHhihe longer retention time* the
perchlorate anion etutes on the taa end of these early elufing anions and therefore,
the detection and quantification of perchlorate is largely unaffected. See Figure 1.

•4.4 Method interferences may be caused by contaminants! in the reagent water.
reagents, glassware, and other sample process&ig apparatus that lead to discrete
artifacts or elevated baseline in ion chromatograms.

Determination of Perchlorate
by Ion Chrbmatagraphy; Rev. No. 0 3 of 14
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instrument columns and flow systems. •

5. Safety

5.2 .. . „._ ____........... , .„ .„„. . ._____-. . . .
;avaSabl

is also advisable.
&8 The-following chemicals have the potential to be highly toxic,

MSDS for each chemical should be consulted.

5.3.1 Sodium hydroxide (Sect 7.2).

5.3.2 SuJfuric acid (Sect 7.3).

5.3.3 Potassium pefchlorate (Sect 7.4).

equipment and SupgEss
61 Balance - Analytical, capable of accurately weighing to the nearest O.1 mg.

-
detectors.

6.3 Sample loop: approximately 740 pL (12< x 0.02" UX tubing).

6.4 Anion buard cojumn: ESonex ionPau A65 (P/N 35396)/or equivalent.

6 5 s e p z .
column produces the separation shown In Figure 1.

6.6 Anion suppressor device: DionexAMMS-H (P/N 43074) suppressor system, or
equivalent.

6.7 Conductivity defector ~ Dibnex CDM-0. of eqiBvaJent

6 8 rjhromatography data system: The data presented in this rne^jd^ere generated

processing system may also be used.
6.9 Sample bottles: polyethylene, 125 mL,orfaiger.

____________,, June 3,1997
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7. Reaoents and Standards

7.1

7.2

7.3

7.4

Reagent water: Distilled or detonized water, free "of the anion of interest. The
reagent water should contain partides no larger than 0.20 urn.
Buent solution: 50% (w/w) Sodium hydroxide (CASRN1310-73-2) 120 mM,
p-cyanophenol (CASRN 767-00-0) 2.0 mM. Dissolve 19.20 g of 50%' (w/w) sodium
hydroxide (NaOH) and 0.4755 g of p-cyanophenol (NCCgHpH, 95%, Aldrich P/N
C9.40Q-9, or equivalent) ht degassed reagent water and dilute to 2 L The 50%
(w/w) NaOH should be fresh with minima! contammation from dissolved CO*
(carbonate formation).

Regenerant solution (micro-membrane suppressor): Sutfuric acid (CASRN
7684-93-9) O.Q35N. Dilute 3.9 mL reagent grade cone, sulforic acid (H^SO^ to 4 L
with reagent water.

Stock standard perchlorate soluttons, 1000 mg/L.(1 mg/mL): The stock standard
solution is prepared from ACS reagent grade material. Dissolve 1.3931 g potassium
pefchlorato (KCtO4, CASRN 777B-74-7) tn reagent water and dilute to 11_

7.4.1 Prepare a tooo m'g/L perchtarate (KCto^) stock solution for use in prepanng
the instrument cajibraiion soluttons and IPC solutions.

7A3. Prepare a 1000 mg/L percnlorate stock solution using a material source
different from that of the cafibration sto ;̂ for use in preparing the QCS, LFS
and LFM. The QCS is used to verify the accuracy of the instrument
calibration,

7.4.3 The analyst should be aware of the purify of the potassium percnlorate used
to prepare the stock standard. A.weight correction must be made when the
solid material is less than 99% pure.

7.5 Intermediate stock standard percnlorate solutions. Prepare lor i.O and 0.10 mg/L .
standard solutions from the stock standard solutions.

NOTE; StebfUty<pf standards: The stock standard is stable for at least one month
when stored at 4*C. The intermediate stock and dHute working standards
should be prepared weeJdy.

5. Sample Collection. Preservation and Storage

8.1 Samples should be coHeded in plasfic or glass botBes. All bottles must be
thoroughly cleaned and rinsed wiflrreagent water. Volume collected should be
sufficient to insure a representative sample, aflow for replicate analysis, if required,
and minimize waste disposal.

8.2 Sample'preservation and holding time for percnlorate determined by this method are
as follows:

Anah/te
Perchlotate

Preservation
Store at 4"C 23 days'

Determination of Perchlorate
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* Note: BasQd-on ths .stability of chlorate. Under tha same conditions, the stability of
perchlorate is expected to be equivalent to, or more stable than, chlorate.

9. Quality Control

9.1 Each laboratory using this method is required to operate a formal quality control (QC)
program. The minimum requirements of this program consist of an initial
demonstration of laboratory capability, and the periodic analysis of laboratory reagent
blanks, fortified blanks and other laboratory solutions as a continuing check on
performance. The laboratory is required to maintain performance records that define
the quality of the data thai are generated.

9-2 Initial Demonstration of Performance

9.2.1 The initial demonstration of performance is used to characterize instrument
performance (determination of LCRs and analysis of QCS} and laboratory
performance (determination of MDL) prior to performing analyses by this
method.-

9.2.2 Linear CaEbration.Range (LCR) — The LCR must be determined initially and
verified every six months or whenever a significant change in instrument
response is observed or expected. The initial demonstration of linearity
must use sufficient standards to insure that the resulting curve is linear. The
verification of linearity must use a minimum of a blank and three standards.
If any verification data exceeds-tha initial values fay ± 10%, linearity must bo
reestablished, tf any portion of the range is shown to be nonlinear, sufficient
standards must be used to dearly define the nonlinear portion.

. -9.2.3 Quality control Sample (QCS) — When beginning the use of this method, on
a quarterly basis or as required to meetidata-quality needs, verify the
calibration standards and acceptable instrument performance with the
preparation and analyses of a QCS. If the determined concentrations are
not within ± 10% of the stated values, performance of the determinative step
of tire method is unacceptable. The source of the problem must be '
identified and corrected before either proceeding with the initial
determination of MDUs or continuing with on-going analyses.

9.2.4 Method Defection Limit (MDL) - The MDL must be established for the
analyfa, ttsmgrreagent\¥ater (Manty forSfiad-at-a concentration of two to
three tones the estimated instrument detection Emit (Ref. 16.3). To
determine the MDL value, take seven replicate aliquots of the fortified
reagent water and process through th& entire analytical method. Perform all
calculations defined In the method and report the concentration values in the
appropriate units. Calculate the MDL as follows:

where, t= student's t value for a 99% confidence level and a standard
deviation estimate with n-1 degrees of freedom [t = 3.14 for
seven replicates].

5« standard deviation of the replicate analyses.

Determination of Perchlorate ~
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MDLs should be determined every year, when a new operator begins work
or whenever there is a significant change in the background or instalment
response. •

9.3 Assessing Laboratory Performance

9.3. t

9.3.2

. 9.3.3

Laboratory Reagent Blank (LRB) — The laboratory must analyze at toast one
LRB with each batch of samples. Data produced are used to assess
contamination from the laboratory environment Values that exceed the
MDL indicate that laboratory or reagent contamination should be suspected
and corrective action must be taken before continuing the analysis.

Laboratory. Fortified Blank (LFB) - The laboratory must analyze at least one
LFB with each batch of samples. Calculate accuracy as percent recovery
(Sect 9.4.1.2). If the recovery of perchforate falls outside the required
control limits of 90-1 10%, perchlorate Is judged out of control, and the
source of the problem should be identified and resolved before continuing
with the analysts.

9.3.2.1 The laboratory must use LFB analyses data to assess laboratory
performance against the required control limits of 90-110%. When
sufficient internal performance data become available (usually a
minimum of 20-50 anaryses). optional control limits can be
developed from the percent mean recovery (X> and the standard
deviation (S) of the mean recovery. These dala can be used to
establish the upper and lower control limits as follows:

UPPER CCWTROL UMTT =
LOWER CONTROL LIMIT = x-3S

. * " •

9-3.2.2 The optional control limits must oe equal to or better than the
_ rejqiired contrd limits o? 90-110%. After each five to ten new
• recovery measurements, new control limits can be calculated using

only the most recent 20-30 data points. Also, the standard
deviation (S) data should be used to establish a.n on-going

i. precision statement for the level of concentrations included in the
LFB. These data must be kept on ffle and be available for review.

9.3.2.3 — RepBcates oftFBs should be-analyzed quarterly, or sooner, to
determine the precision of the laboratory measurements. Add
these results to the on-going control charts to document data .
qualify.

Instrument Performance Check Solution (IPC) — For all determinations the
laboratory must analyze the tPC (a midrange check standard) and a
calibration blank immediately following dafiy calibration, after every tenth
sample (or more frequently. If required) and at the end of the sample run.
Analysis of the (PC solution and calibration blank immediately following
caia>ratton must verify that the instrument is within ± 1 0% of calibration.
Subsequem analyses of the (PC solution must verify the calibration is stiH
within ± 10%. If the caSbrafion cannot be verified wKhln the specified limHs,
reanalyze ihe IPC solufion. If the second anafysis of the JPC solution
confirms caSbosBon to be outside the limits, sample analysis must be
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discontinued, the cause determined and/or in the case of drift, the
instrument recalibrated. Aft samples following the last acceptable IPC
solution must be reanalyzed. The analysis data of the calibration blank and
IPC solution must be kept on file with the sample analyses data.

9.4 Assessing Analyte Recovery and Data Quality

9.4,1

9.4.2

9.4.3

Laboratory Fortified Sample Matrix (LFM) - The laboratory must perform a
matrix spike on a minimum of 10% of the routine samples, (n each case the
LFM aliquot must be a duplicate of the aliquot used for sample analysis.
The spiked perchiorate concentration must be high -enough to be detected
above the original sample concentration and should not ba Jess than five
limes the MDL The added perchiorate concentration should be the same
as that used In the LFB.

9.4.1.1 In a Wind matrix spike, if the concentration of fortification is less
than 25% of the background concentration of the matrix the matrix
recovery should not be calculated.

&A1.2 Calculate the percent recovery for perchiorate, corrected for the
concentration measured in th& unfortified sample, and compare 'the
value to the initial LFM recovery range of 75-125%. Percent
: recovery may be caicuSated using the following equation:

v/here,
R =5 perce'nt.recovery.
C* ~ fortified Esmpte concentration.
C - sample background concentration.
£ = OTncenltTjatlon equivalent of anafyte added to sample.

9.4.1.3 When sufficient internal performance data becomes available (a
minimum of 20 analyses) develop control limits from percent mean

• recovery (X) and the standard deviation (S) of the mean recovery,
as in Sect 9.3.2.1. * ' •

9.4.1.4 ^the'r^coverytonhe-^na-^teTaasolRSidethB designated LFM
recovery range and the laboratory performance for that anatyte is
shown to be in control (Sect 9.3}, the recovery problem
encountered wati the LFM is judged to be either matrix or solution
related, not system related.

Where reference materials are avaSabte, they should be analyzed to provide
additional performance data. The analysis of reference samples is a
valuable tool for demonstrating the abffiy to perform the method acceptably.

In recognition of the rapid advances occurring in chromatography, the
analyst is permitted certain options, such as the use of an anion
concentrator column, different columns-and/or eluents. to improve' the
separation, quantification, or lower the cost of measurements. Each time

Determination of Perchiorate
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sue* motions to the m^bd are made, the anaiy* fa routed to repeat
the procedure in Sect S.

performanoft evaluation sample studies.

10. Calibration and Standardization

10.1 Establish ion ehlDiralogiaptfe operating parameter equivalent to those indicated in
T-_«-l«v 4Table 1.

change In instrument response is oserve or
10.2.1 During this .rxrx^ure, trte pefchforBte retention time must be recorded.

* by more than ±10%. perform correceve action.

SS^ore to$± 10%. a new'calibrafion curve'must be prepared.

the sample need not be diluted.

11. Procedure

achieved by this method,
11.2 Check the system caSbratfon daily and. if required, recalibrate as described h

Sect 10.
11.3 Analyze the IPCs,QCS.LRB. samples; LFB.LFMs, and blanks.

.. ——————————————————————— •——————- ——————JuneS, 1997
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11.4 The width of the retention time window used to make the perchJorate identification
should be based upon measurements of actual retention time variations of standards
over the course of a day. Three times the standard deviation of a retention time can
be used to calculate a. suggested window size. However, the experience of the
analyst should weigh heavify in the interpretation of chromatograms.

• 11.5 If a sample concentration exceeds the calibration range, the sample must be diluted
with reagent water to fafi within the working range.

11,6 if the resulting chrornatogram fails to produce adequate resolution,
of the specific onion Is questionable, fortify the sample with an appropriate amount of
standard and reanalyze.

MOTE: Retention time Is Inversely proportional to concentration. In some cases
thfs peak migration may produce poor resolution or identification.

» • • •

12. Data Analysis and Calculations

12.1 Peak integration may be performed using either the peak height or the peak area
method. However, the method of peak height is frequently preferable to the method
of peak area, as the peak height determination is generally less affected by baseline
placement as compared to the peak area determination.

12.2 Examine the chromatograms for percrttorate baselines set by the parameters used 61
the chromatography method. Correct any baseline impropeny set by the method by
modifying the integration parameters in the method. Save the corrected baseline to
the raw data fife.

12-3 As a check on system-performance, the rjesponse for a low concentration standard
(e.g. 4 yg/L perchlorate standard solution) shouid be monitored and recorded. If the
daily detector response is more than three. standard deviations lower than the
recorded mean response, perform corrective action.

12.4 Prepare the calibration curve by plotting the instrument response against the
standard concentEation. .Compute the sample concen#atipn (corrected for any
sample dilution} by comparing tfie sample response with ttw standard curve.

12.5 Report only thosc-vabes that fam>etweert the-RL<T«bte-1) and the highest .
calibration standard. Samples exceeding the highest standard shouid be diluted and
reanalyzed.

12.6 Report the perchlorate results in yg/L.

13. Method Performance

1 3.1 Table 1 gives the single laboratory MDL under the conditions fisted.

13.2 Tables 2 and 3 give the single laboratory accuracy and precision for perchlorate in
reagent water and in groundwater for the Gated conditions.

»

13.3 Table 4 gives the single laboratory precision for replicate analyses of perchlorate in-
grouncfwater samples.
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14. Pollution Prevention

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxictty of -waste at tha point of generation. Numerous opportunities for
pollution prevention exist In laboratory operation. The EPA has established a
preferf ed hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice. Whenever feasible, laboratory
personnel should use pollution prevention techniques to address their waste
generation. Whea wastes cannot .bo feasibly reduced at the source, the Agency
recommends recycling as the next best option.

142 Quantity of the chemicals purchased should be based on expected usage during its
shelf life and disposal cost of unused material. Actual reagent preparation volumes
should reflect anticipated usage and reagent stabHfy.

14.3 For information about pollution prevention that may be applicable to laboratories and
research institutions, consult "Less is Better. Laboratory Chemical Management for
Waste Reduction." available from the American Chemical Society's Department of
Government Regulations and Science Poficy, 1155 16th Street N.W., Washington
D.C. 20036, (202) 872-4477.

15. Waste Management

15.1 The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with ail applicable rules and regulations. Excess
reagents, samples and method process wastes should be characterized and
disposed of in an acceptable manner. The Agency urges laboratories to protect the
air. water, a.nd land by minimizing and controlling ad releases from hoods and bench
operations, complying with the letter and spirit of any waste discharge permit and
regulations, and by complying with all sofid and hazardous waste regulations,
particularly the hazardous waste identification rules and land disposal restrictions.
For further infannalion o^waste management consult the "Waste Management
Manual for Laboratory Personnel," available from the American Chemical Society at
the address listed in Sect 14.3.
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FIGURE 1, CHROMATOGRAMS OF 4 mfl. PERCHLOR/XTE ADDED TO REAGENT WATER
AND TO A GROUNDWATER SAMPLE
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TABLE 1. ' CHROWIATOGRAPHIC CONDITIONS AND DETECTION LIMIT IN REAGENT
WATER

Perchtoratte
Spike Cone.

fna/L)
1.0

2.5
4.0

No. of Spiked
Replicates

14
1$
16

Mean •
Perchlorate

Recovery (ugfL)
0.87
2.3

3.9

standard
Deviation

(W9/U

0.11
0.12
0.11

Calculaled MDL
(M9/L)
0.6
O.B
0.7

Pooled MDL (df- 43)

RL(SxMDL)

. . Retention Time

0.7 pg/L
4P3/L .

- 7.4 min.

Perchiorate peak height response tor 4.0 \iglL * 0.04 pS

Equipment and Standard Conditions Used to Produce Data in this Method:

Dionex 4500 Ion Chromatograph with Awtosampier

Detector: Dionex CDM-2

Ion Suppressor: DfonexAMMS-U

Columns: Dionex lonPac AG5 Guard column (P/N 35396)

Dionex f onPac ASS AnafyticartP/N 3539̂ -

Cdumn Temperature: Ambient

Injector Loop: 740 pL (approximate volume)

Eluent 12O mM NaOH •»• 2.0 mM p-CyanophenoI

Huent Bow rate: 1.(

Regenerant Flow rate: lOmLftnai.

Conductivity Detector Background Reading: <12 pS
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TABLE 2. SINGLE-OPERATOR ACCURACY AND PRECISION FOR PERCHLORATE
STANDARD" SOLUTIONS

IPC standard

QCS

LFB

Sample

RW"

RW

RW

Known
Cone.
(us/L>

S.o'

100

4.0

100

4.0

Number
of

Replicates

48

47

16

4 '

22

Mean Recovery

(H9/L)

4.9

100

4.0

100.

3.9

(%)

03

100

100

100.

98

SD
, ftig/LV

0.35
4.2
0.31

2.8

0.33

RSD
f%>

T.I
4.2
7.8

2.8

8.5

RW = reagent water

TAfeLE 3. SINGLE-OPERATOR ACCURACY AND PRECISION FOR PERCHLORATE
MATRIX SPIKES

Sample Type
Matrix SpDce/
Matrix Spike
Duplicate

Sample
Matrix

GW ..

Spike
Cone.
ftlH/U

. 4.0

Number
. of .Spiked

Pairs

..20

Duplicate-Space •
Mean Recovery

(UQ/U

3.8

(*>

' ..95

Mean
RPD

{%)

2.1

SOoC
Mean'
RPD
t%)

0.02

GW = groundwater

TABLE 4, SINGLE-OPERATOR PRECISION FOR PERCHLORATE SAMPLE REPLICATES

Sample Type
Sample/Sample
DupGcate

Sample
Matrix

GW

Number
of Replicate

Pairs**

14

Mean RPD
(%)

1.4

SD of Mean
RPD
(%).

O.O2

GW - grouno\vater

**Note: samples with perchlonate concentration a 4.0 pg/L
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